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® A method fo» introelucme ekpressi&ie ioseoicidat pro- 
tein saructural genes pl»nt ssoomes is provided, in the 
prgterterf embodiments this invemion comprises piacing « 
ttruetofal 8e«e tot m Becillus ttHf/ingmnsis crystal protein 
utKter control of a plant «r » T-DNA promtjter atisi ahead of 8 
j)oi¥'«<i«'y»Btion site foifov»«i by insertion of said promoter*- 
stroctorei gene combination into » p)Bt»t genowe by uiiliiing 
S J^fOlmtei^m WinefMiens Tt plasrold-based trBiislorma- 
«on aystam. The modtfietJ Tt pfssmid ia then used to 
ttanaform recipient plant cafla. Also provided are the pients 
end tiasues produced by this method and beetariet airain*. 
pJaemtds, end vectors usefut for executJoo of this invention. 
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FIEtP 

the present iovention is i» the fields ot genetic engineerisg, plant 
husbandry, and bacterial bio-af fecttog eompoeitione, espeelftll}p those 
derived f rott the genus Saeillae * 

Intiectictdal Protein 

Eaclllus thurlttglengls, e species of bacteria closely related to 
5.* gfer ftua, forms a proteinscloas cryatalline inclusion during eporula- 
tlon. This crystal is psrasporaX, foroJng within the cell at the end 
opposite fro» the developing spore. The crystal protein, often referred 
to as the ^-endotoxin, has two forns: a nontoxic protoxln of approxiisate 
molecular weight {»*) of 130 kiloaeltona (kO), »nd & toxin having ao 
approx. o£ 67 kD. The crystal contains the protoxln proteis which is 
actlvatedi li» the | gut of larvae of s mnber of ineect species* H* J* 
Rlowdeo et «l. (i$83) Appl. Envir. Hlcrobiol. <i6:3X2-3l5» have shown solu- 
bllized protoxiti fro« B^. thurlnglensls var. Isr s el ensts , Is toxic to Aedes 
aegyptt adults. During aetlvatloti, the ptotoxlti Is cleaved itsto two poly- 
peptides, one or both of which ate toxic. I n vivo, the crystal is sctiva- 
ted by beltig solubillaed and converted to toxic form by the alfeallnity aod 
proteases of the gut. In yitro the protoxln aay be solublllzed by ex- 
tcemely high pH (e.g. pH 12), by reducing agents under noderately basic 
conditions (e.g. pH 10), or by strong denatu rants (gusnidlum, urea) uoder 
neutral conditions (pH 7), and once solubllized, may be activated by the 
action of the prbtease trypsin. The crystal protein is reported to be 
antlgenically related to proteins within both the spore coat aod the vege- 
tative cell wall. Carboyhydrate Is not involved In the toxic properties 
of the protein. , 

JL" thuriogieosis and Its crystalline endotoxin are osefal because the 
crystal protein Is an ittsectlcldal protein known to be poisonous to the 
larvae of over a hundred of species of Insects » most commonly those from 
the orders l«pldoptera and Dipcera, Insects susceptible to the action of 



0142024 



the jS • tburiogtfeBSia crystal iiroteiii ioclttde» but need »ot t« Unit«4 to, 
ettose llsced in Table !• Oat^ oi these i«seet Sjpseies axe econotateftlly 
iaportsnc pests. Plants which can be protectad Appllcstloo «f the 
crystal protein Include, hut need not be limited to, those listed In 
Table 2. Different varieties of B« .thuringteasts , which Include, but seed 
not be limited to, those listed tu Table 3, have different host ranges 
(R, M, Faust ec aX .. (1982) in Ge netic E nglneerio g io the Plant Seteocast 
ed. «. J.- Pat)apolou8» pp. 225-254); this probably reflects the toxicity of 
& given crystal protein In s partlcelar host. The crystal protein is 
highly specific to insects; in ©vet two decedes of cosMaerclal application 
of sporuleted B^. thuriagieosls cells to crops and otneffieoteXs there has 
been so known case of effects to plants or noslneeet anltssle* The effi'- 
e«cy and, safety of the endotoxin heve been reviewed ijf R* M. Faust et al» , 
supra . Other oseful reviews Inclade those bf P« G. ITsst (1981) Itt 
Merob l al Cotitrol of fests and Plant PiseeseS t 1970-1980 » ed*: H. D- 
B«rge», pp. 223-248» and B. E. Hubex & ?* tuthy (1981) 1» Pathogenesis of 
Inye rte br a te ;Mlcrobiat Diseases, ed.: E. W. Savldson, pp. 209-234. 

The czystal protein gene ssnally can be foond en one of several large 
plasmlds that have been found in Bafctllus tbttrlngteiists , though in sdsMa 
strains it say be located on the chromosone (J* W* Kroostad et al. (1983} 
Jf . Bacterlol . 154*419-428) . Several of the genes have been cloned into 
plaswlds that can grov in E^. c oll . Whiteley's group <R. «hiteley 
et el . (1982) in Mblecular Cloning and Seoe Regu lati on in Bacilli » ed-: 
A. 1. Gaoesao et_al., pp. 131-144, H. E- Schnepf & R. R» Whtteley (1981) 
Proc. Natl. Acad. Sci. USA 78^:2893-2897, and European pat. application 
63,949) reported the cloning of the toxin f rom B_. thurlng lensls var. 
karstaki strains H»-l-Oipei and RD-73, using the enzymes Sau3Al (under 
partial digest conditions) and BgXlI, respectively, to insert large gene- 
bearing fragroents having approximate sizes of 12 kbp and 16 kbp into the 
Sa aijBI site of the E. coll plasaid vector pBS322. The RD-i crystal protein 
was observed to be located on a 6.6 kilohase pair (kbp) Hindlll f rag- 
went. Crystal protein from the BD-l-Oipel gene which was toielc to larvae, 
£{)t>«ao.ologically identifiable, and the same sise as aathentic protoxin, was 
observed to be produced by transformed E. cell cells containing pBR322 
clones or subclones . This indicated that the Bactllas , gene »as tran- 
scribed, probably f roa its own proiaoter, and translated in E_. coll . 
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Ad4ttio««lly» thl« suggests that the toxic activity of the pfotels pre4«ct 
tB indepeoaeot of the location of its eynthesia. That the gene ws» 
pressed whe« the ftagment contaioiag It was inserted into the vector in 
either orientation suggests that ttanacriptioo was controlled hy its o«n 
promoter. The transcriptional and translstionel start sites, as well as 
the deduced sequence for the amino-terminsl 333 atsino acids of the 
HO-l-Dlpel protoxin, have been detensioed by nucleic acid sequencing 
(H. C. Wong et si* (^^83) J. Biol. Che», 258 1 1960-1967) . The insectictdal 
ge«« was found to have the expected bacterial riho»o»e binding and trana- 
latienal start <ATC) sites along with cowaotily found aeiitteocea at -10 and 
-35 {relative to the 5 '-end of the laRKA) that are involved lo Initiation 
of transcription In bacteria each as ». auhtllis . A. Klier «t.ja» (1982) 
Ztm J.X'^'^"'^'* ***** reported the cloning of the crystal protein gene 
fro« B,. Thuripgiensls stralw berllfter 1715 in pB&322, Using the enzyme 
BanHX. a large jl* Vhp fragment carrying the crystal protein gene was moved 
into the vector, pHV33, which can replicate in both E. coll and Bad litis. 
In both JB. coll and sporulating B. aubttlis, the pHV33-ba8ed clone direc- 
ted the synthesis of full-size (130 protoxin which formed cytoplasmic 
inclusion bodies and reacted with antibodies prepared against authentic 
protoxin. Extracts of i- coli celle harboring the p8R322 or pHVSS-based 
plaamlds were toxic to larvae. In farther work, A. Klier et^ al. (1983) 
Nucleic Acids Res. _U_: 3973-3987, have transcribed the berliner crystal 
protain gene in, vitro and have reported oo the sequence of the promoter 
region, together with the first 11 codons of the crystal protein. The 
bacterial riboaome binding and translational start sites were Identi- 
fied, Though the expected "-10" se<iuence was identified, no homology to 
oth«r promoters has yet been seen near -35, Held et al. (1982) ?roc. 
Rati. Acad. Sck- OSA 77:6065-6069 reported the cloning of a crystal pro- 
tetn gene frow the variety kur staWl In the phage X -based cloning vector 
Ch«ro«U. coli cells infected with one of the Charon clones produced 
antigen that was the saae size as the protoxin (130 kO) and was toxic to 
larvae. A 4,6 kbp EcoRl frsgaient of this Charon clone was moved into 
pH¥33 and an coli plaSTOld vector, pBR328. Again, 130 kD antigenicslly 
Idtnttfiable crystal protein was produced by both £. coll and sobtili s 
strains harboring the appropriate plastoids. A thurlngtensls chromo- 
sowiX aeqaance which cross -hybrid laed with the cloned crystal protein gene 
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««s ld«»ti£l«d in ^. thuriogieneta stmln* which do not produce crystal 
protelo d»|ring sponilatlotj . 

In additioo to the cryetal protelCj B^, thurlng tetiats prodticea mt 
least three other toxins. 1^ ot them, the a-exotoxlo mi T-exotoxln, are 
pho«pholipases enzymes that degr«<ie lipids. B. eereos is also known to 
ptodttce phospholipasee (or Udthinases) which ace toxic to insect 
larve. Other bacterial eozynes which *r8 involved iii ittaect pathogenesia 
Include* hat need not he limited to» hyaluronidases, phosph«t«se8» and 
proteases * Trotease produced hgr g«e«do«onaa aentjjiaoee. has been shown to 
have a apeciftc affinity to proteins of Galleria aelloaelU larvae (see 0. 
Lygenko & «. Kucera {l$7l) in . Mteroblal Cpiitrol of Insects and WLteg, 
eds.: H* 0. Burges « N. W. Hussey, pp. 20S-227>. 

Shuttle Veetore 

Shuttle vectors, developed by Gi B. Ruvkun i F. «, Ausubel (1981) 
^^'^^^ 298 185-88, provide a way to insert foreign genetic taeterials Into 
position of choice in a large plaamid, virus, or genome. There are two 
m&in proWeras encountered when dealing with large plasaids or genoaea. 
Firstly, the large plamsids may have many sites for each restriction 
enzyme . Unique site-specific cleavage reactions are not reproducible and 
multi-site cleavage reactions followed hy ligation lead to great difElcul- 
ttes due to the scrambling of the many fragments whose order and orients- 
tlon one does not want changed. Secondly, the transformation efficiency 
with large OM plaemids is very low. Shuttle vectors allow one to over- 
cos(e these difficulties by facilitating the insertion, often in vitro, of 
the foreign genetic tsaterial into s smaller plasmld, then transferring, 
usually tsy in yiyo techniques, to the larger plassdd. 

A shattle vector consists of « DHA molecule, usually a plasmld, 
capable of being introduced into the ultimate recipient bacteria* It also 
includes » copy of the fragment of the recipient genome into which the 
foreign genetic materiel is to be inserted and a OKA sagment coding for a 
selectable trait, which is also inserted into the recipient genome frag- 
ment. The selectable trait ("marker") is conveniently inserted by trans- 
poson mutagenesis or by restriction ensymes and llgases. 
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The uhuttle vector ean be lattoduced into the ultitnate reclpleftt 
cell, typlcilly * bacteria* ol the f»«ily RhUohUceae («hich contain the 
genul Aj ^robaeterlum) , % « trl-parental mating <S«vkla 6 Att«ttbel. 
direct transfer of a 8elf-moMU«able vector iti a bi-p«re«£al »«tlog, 
direct uptake of exogeno«e DHi by Agrobacterlum cella Ttrana formation % 
«ei«g the conditions of K. Holatera et al. (1978) Hsl^c- Genet. 
U3:181-1S7)» by apheroplast fusioB of Agrobacteriaa with another h«c- 
tertal cell, by uptaVe of Xiposome-encaposlated DSA, or infection »ith * 
ehattle vector that t« baaed oa a virus that la capable of being packaged 
la vitro . A trl-pare«tal mating Involves the mating of a strain con- 
taining a aobill«8bl« plasmld, which carries genes for pXaaadd iwblli^a- 
tlon and conjogatlve transfer, with the strain containing the shuttle 
vector. If the shuttle vector is capable of being »oblli*ed by the pla»- 
mld genes, the shuttle vector Is creasferred to the recipient cell con- 
taining the large ge«o«e. e.g. ^ piaaalda of Agr obacter lu m 
strains* 

After the shuttle vector is Introduced Into the recipient cell, 
possible events include a double cross over with one recomblnational event 
o» either sia* of the marker. This event will result In transfer of a DMA 
segment containing the saarker to the recipient geno^oe replacing a homolo- 
go«fi seg«et,t lacking the Insert, To select for cells that have lost the 
original shuttle; vector, the shuttle vector must be Incapable of replica- 
ting in the ultiaate host cell or be Incoiapatlble with an Independently 
selectable plesadd pre-existing In the recipient cell. One cowmon neans 
of arranging thta Is to provide In the third parent another pUsmld which 
is Incompatible with the shuttle vector and which carries a different drug 
raslstsnee oarVer. Therefore, when one selects for resistance to both 
drugs, the only surviving cells are those In which the aiarker on the 
shuttle vector has recowbined with the recipient genome . If the shuttle 
vector carries an extra aiarker, one can then screen for a«d discard cella 
that contain plasalde resulting from a single cross-over event between the 
shuttle vector and the recipient plasaid resulting in cointagrates in 
which the entire shuttle vector is Ifitegrated with the recipient plas- 
tsid. If the foreign genetic ©aterial is inserted into or adjacent to the 
aarker that is selected for, It will also be integrated into the recipient 
plssmld as a result of the same double recombination. It adght also be 
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carried «lo»g wheti Icterteid Ipto the ho»ologoa« fragment at « spot »ot 
withiD or a4Jeceite to the marker* but the greater the <ilstsnce eeparetlng 
the foreign genetic witerlal from the marker* the «ore Ilk«X; Mill he a 
reeonbleetional event oeeueriBg between the foreign genetic material and 
aterVer* preventing transfer of the foreign genetic naterlal. 

X£ the shuttle vector la uaed to Introdnee a phenoejri^lcally doMnant 
trait {e.g> e novel expressible insecticide atrnctural gene, bat not an 
inactivated oncogenic 1>-&I<& gene) one need not relf on a doai>le homologous 
recoaiblnatioo . Hie cells resulting froa a single cross-over event 
res«lting in cointegrate plasrslds can transfer the desired trait into 
plant cells. One my even use a variant shuttle vector having a single 
uninterrupted sequence of T-0NA. Bowever, as the resulting T-0M will now 
contain a tandem duplication* one roust be vigilant regarding a possible 
rare deletion of the shuttle vector hy a single hotbologoos reconhinatlon 
event occurring becweeo the two homologous sequences In either the ikgro -;;. 
bacterium or plant ceils* 

Shuttle vectors have proved useful in tnanlpulatton of Agtobacteirlura 
plasiBidBi see 0. J. Garftnkel et_ al_. (1981) Cell 27«U3-153, A, J. M. 
Jfetake &:m.-0. Chilton (1981) J. Jfolec. Appl. Senet. X' 39-49, and J. 
Leemans et.al,. (1981) J* »»lec. Appl. Genet. U149''164, who referred to 
shuttle vectors by the tetw "Intermediate vectors'. 

A recently disclosed variatipn of the shuttle vector aystem for 
inserting changes into large OM. laolecules is the "suicide vector". In 
this system, as described by A, Puhler et^sl,., OS application ser. no. 
510,370 and It. Sttaon et al. (1983) in press , the shuttle vector is incap- 
able of i|>elng maintained within the recipient cell. This property elim- 
inates -the need to introduce an incompatable plasmid Into the recipient 
- cell in order to exclude the shuttle vector as Is coousonly done during a 
triparental mating. All vectors which do not Integrate into sone already 
present DM effectively "commit suicide" hy not being replicated. As can 
be done with traditional types of shuttle vectors, one may distinguish 
between double aud single homologous by screening for an antibiotic resls- 
tat5ce gene which is not between the two regions of homology. Bse of a 
pBR322-b3sed suicide vector to transfer ONA sequences into a Tt plasmid 
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has beeo reported by E. Van Haute et.ii' <i583) EMBO j. 2^!411-.417» a«d 
X.. CoBAi et.al.* (3^562) PUat. Molec. Biol. U29I-300. 

AO «ltenj»Cive to the ose of abuttle vectors for i«ttoauctio« of 
ooveX DM »e<iueoce8 inta T-9HA by means of hoaologous reeomtjinstion 
Involves bacterial transposotis . As described in the section Agrobac- 
terluai-Genes on the TIP Plasaida, transposons c&n "juap" into the T~DKA of 
a riB plssisld (e.g. see 0. J. Garf inkel et_ al.. (1981) Cell 2?^:143-153) . 
Should the trsnsposoo be nsodified in vitro the losertioo of the novel 
sequence, that novel DM can be transferred into the TIP J>l88»ld*» T-DSA 
by the traosposon. The TIP can then transfer the novel OtMi/trans- 
poson/t-OKA coablnatlon to * plant cell whea it will be stably Integrated. 

J^ jrobacteriua-Overvlew 

Included within the graw-oegative bacterial faially Khlaoblaceae . In 
the genua AKrobaeteriaa are the species A. taaiefacleaa and 

rhizogeoes . These species are respectively the causal agents of crown 
gall disease and haiiy toot disease of plants* Crown gall Is charac- 
terized by the growth of a gall of dedifferentiated tissue. Hairy root is 
a terstotaa characteriaed by Inappropriate Induction of coots i« Infected 
tissue* In both diseases » the inappropriately growing plant tisssue 
usually produces one or more aoino add derivatives, Icnown as opines, not 
nomally produced by the plant which are catsbollzed by the infecting 
bacteria. Known opines have been classified into three main faailtes whose 
type members ace octopine, nopaiine, and agropine . The cells of Insppro- 
prtstely growing tissues can. be grown in culture, and> under appropriate 
conditions, be regenerated into whole plants that retain certain trans- 
formed pheoetypes. 

Virulent strains of AgrobacteriuTO harbor large plasraids known as Ti 
(tuTOor-lnducing) plastnlds in A_. tumefaeiens and Rl (root-Inducing) plas- 
Bjids In A . rhlzogenes . Curing a strain of these plasjslda results in a 
loss of pathogenicity. The Ti plasrald contains a region, referred to as 
T-ONA (tran8fe!rr«<i~i>SA), which in tuaors Is found to be Integrated into 
the geooae of the host plant. The T-D8A encodes several transcripts. 
Mutational studies have shown that some of these are involved in Induction 
of tumorous growth. Hutants in the genes for ttal, tmr, and taa, respec- 
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tively result Iti large tuntors (in cdbeeed), « ptop^ttsity to generate 
roots, end a teadeiK^ for ehoot Induction. The T-Mh also encodes t\m 
geae for «t least one of>l«e synthase, end the ti plasteids are often class- 
ified fey the opitie which they caused to be syntheeized. Each of the T-0NA 
genes Is ^nder coutrol of a T-DNA promoter* The T-DKA promoters resesabie 
eukaryotie proisoters In structure, and they appear to futjction only in the 
translormed plant cell. The Ti plsemld also carries genes oytside the 
T-DNA. region. These genes are involved in functions which include opine 
catabollsnt, oncogenicity, agrocio sensitivity, replication, and autotrans- 
far to bacterial cells. The SI plasald is orgaaiaed in « fashion analo- 
gotts to the Ti plasfflid. The set of genes and DSft sequences tesponsibU 
for treosforaing the plant cell are hereinafter collectively referred to 
as the transformation-Inducing principle (TIP). The designation TIF 
therefore ^includes both Ti and 81 plasadds . The Integrated segiaent of a 
TIP is tet^d herein "T-DJii" (transferred DHA), whether derived froa a Ti 
plastttld or an Ri plasiaid. 

M,-B. Chilton (Jone 1983) Sci. A»er. 248{6):50-53, has recently pro- 
vided an introductory article on the use of Ti plasaids as vectors. 
Recent general reviews of Agrobacte riua-caus e 6 disease include those by 0. 
J. Merlo (1982), Adv. Plant Pathol. Um~l7B, t. H. Ream « M. P. Gordon 
(1982), Science m^:854-859. and M. W. Bevan & M.-D. Chilton (1982), Ann. 
Rev. Genet. 16:357-38^; G. Kahl & J. Schell (5982) Holeeular liology of 
Plant Tanors. and K, A. Barton & M.-D. Chilton (i983) «eth, En«ynol. 
iOli 527-539. 

Agrobacterlu i r-lnfection of Plant Tissues 

Plant cells can he transformed by Agrobacteriuia in & number of 
methods known in the art which include but are not limited to co-cultiva- 
tion of plant cells in culture with Agrobscterlttm . direct infection of a 
plant, fusion of plant protoplasts with Agrobactetlure spheropUsts, direct 
transforaation hy uptake of free OM by plant cell protoplasts, transfor- 
mstlon of ^protoplasts having partly regenerated cell walls with lotact 
bacteria t'ransforaation of protoplasts by liposomes containing T-0SA, use 
of « virus to carry to the T-0SA, microinjection, and the llVe- Any 
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Method will tuffice *• Iwg «» the getjt U rellaWy expressed, mi is 
»t«Mf tr««««ltt«d throu^ »ito»ii and «elo«i8. 

The infection of plant tUstie AgrobucttrtoB Is « sliaple technl<ju« 
well Ifxiovn to those skilled In the *rt {tor «n exanple, see 0. N. Butcher 
et al. (1980) in Tiagae Culture tfethods fot Plant Pethologlsta, eds.s 0. 
S. Ingram i J. Helgeeoc. pp. 203-208). Typically a plsnt is wounded by 
etty of ft t)u»ber of ways, which include catting with « ra«or, puocturing 
ifith a needle* or rubbing with sbrsslve. The woudd l» thea inoeuXsteid 
with « aolutton containing tumor-Inducing bacteria. An alternative to the 
iofecticwj of intact plants la the Inooilation of pieces of tiasuea Buch as 
potato tuber disks {D. K. Anand 6 C* T. Hefaerlein (1977) Aaer. J. Bot. 
_64^jlS3-lS8) or segments of tobacco steas (K» A. Barton, et (1983) Cell 
32:1033-1043). After induction* the tuwors can be placed in tissue cul- 
ture on media lacking phytohor»ones. Sorao«« independent growth is 
typical of transformed plant tissue and is in great contrast to the usual 
conditions of grWth of such tissue in culture (A. C. Braua (1956) Cancer 
Res. 16:53-56). ; 

\A^Tohsctetium is also capable of infecting isolated cells and cells 
grown In culture (L. Hirton et.al. <1979) Nature 277; 129-131) and Isolated 
tobacco mesophyll protoplasts. 1» the latter technique, after allowing 
tiroe for partial regeneration of new cell walls, Agrobacteriura cells were 
added to the culture for a ti»e and then killed by the addition of anti- 
biotics. Only chose cells exposed to A^. tuiaef&clens cells harboring the 
Ti plasBsid were capable of forming calli when plated on taedia lacking 
hDrmone. Most calli were found to contain an ensywatic activity involved 

in opine anabolua. Other workers (R. B. Horsch & t, Fraley <18 January 

i 

1983) 15th «taoii Winter Symposium) have reported transformations by co- 
cultivation, leading to a high rate {greater than IW) of calli displaying 
bor»one~indepe»d6nt growth* with 952 of those calli making opines. M. 
Oavey et al.. (1980) in Ingram & Helgesoo* supra* pp. 209-219, describe the 
Infect its* of older cells that had been regenerated from protoplasts. 

Plant protoplasts can be transforwed by the direct uptake of TIP 
plasmids. H. R. Davey et al. (1980) Plant Sci. tett. ^:307-3l3, and H. 
R. Davey et (1980) In Ingram & Helgesoa, supra * were able to transform 



Pet u n i a , protoplasts with the Ti plastald in the presence of poly-L-u- 
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otntthlne to « ph«»otyp« of ©pis* gyotbesis and horsone-lodeptndene growch 
la culture* It later shown <J. Drtprnx et, Plant and Cell 

?tty»iol. 23:4 5 1-458 » K. R. 0«¥«y (1982) itt Haat Ti8««« Colturg 

19B2, Mt A. P«jiw»ra, pp. 515-516) that polyetheUne glycol-stisul&t«<$ 
ft plssmid uptake and th&t eome T-DSA sequences were integrated into the 
genome. ?. A. Kreofi j|t_*i.* (1582) Nature 296; 72-74, reported siailAr 
results using polyethelese glycol followlog by a celclun shock, though 
their data suggests that the Integrated t-DKA included flanking Tl planid 
aeqaences • 

Ao alternative method to obtain DNA uptake involves the use of lipo- 
eoaes* The preparatios of DNA containing llpo«o««s is taught by Fapahadj- 
opoalos in OS Patents 4,078»052 and 4i235,*71. Px«parattofis for the 
introdttctioo of Ti-Dltt via Ilposones have been reported (T. Nagata et al* 
(1982) in Pojlwara, supra, pp. 509-510. and T. Nagata 0981) HbI. Sen. 
Genet. J[84:161-1$S) . An analogous systeat involves the fusion of plant and 
bacterial* cells after removal of their cell valla. Kit exaaple of thle 
technique la the traDsfoxaation of Vines protoplaat hy Agrohacteriun 
spheropissta reported by S. Hasezsws et al» (1981) Mol, Gen. Genet. 
18 2: 206 210. Plant protoplasts csn take Up cell vail delimited Agrobac^ 
t e rt tt a cella (S. Haaezawa e t a l. (1982) in Tujjlwara, sup ra pp. 517-518). 

T-OHA can he traostaltted to tissue regenerated frost a fusion of two 
protoplasts » only one of «hleh had heen t:ransforaed {<*« J« Wnllems et al . 
(1980) Theor. Appl. Genet. 20 3-208 ) . As detailed in the section on 
itegeneration of l^lsnts, T-OSA can pass throu^ welosis and he transmitted 
to progeny as a staple tieodellan trait. 

Agrohacteriua--Regenerat:lon of Plants 

Differentiated plant tissues with normal morphology have been 
obtairsed from crown gsll tumors. A. C. Braujj & H. H. WooiJ {1976) Proc. 
Hatl. Acad. Sei. USA 73:496-500, grafted tobacco teratomas onto uorTnal 
plsnte and were able to obtain normally appearing shoots which cowW 
flower. The shoots retained the ability to make oplnea and to grow inde- 
pendent!:^ of phytohonaones when placed in culture. In the plants 
screened^ these tutsiorous phenotypes were not .observed to be transodtted to 
progeny,* apparently being lost during melosi? (R. Tnrgeon et al. (1976) 
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Proc. H»tl. Ac«d. Scl. tlSA 21,-3562-3564) . Plants wMch had apoDtaneotily 
lo«t tuaoroua properties, or which were derived froa teratom seed, were 
inltlsliy shown to heve lost all th&ir T-OSA (F.~«, Yang al. (1980) Jb 
Vitr& 16;87''92, F. Tt»ng al. (1980) Malec. Gen. Genet. 177; 707-714, M. 
temaers et «!• (1980) j. Hoi. Biol. UA^t 353-376) . However, Istet work 
with plants thst !had becooe revertants after hormone treatment (Img/1 
kinetin) showed that plants which had gone through melosia, though loosing 
r-ttWi genes respooslbXe Cor the tratiafomed phenocjrpe, could retain 
a«quence3 ho«olego»« to both eod« of T-DItt (F. Ya»« & &. S. Simpson (1981) 
ftoc. Satl, Acad. Scl. BSA 78:4151-4155). G. J. WaUema et.al« (1981) 
Cell 24^s7 19-724, further dejBonstrated that geoea Involved in opine anabo- 
lisa were capable of passing through melosU though the plants were nale 
sterile and that seemingly unaltered T-DKA could be inherited In a 
Handellsn fashion <G. Wulleias et_al^. (1982) In Fujiwara, suyra ) , L. Otten 
■et g l« (1981) ifolec Gen. Genet. 163;209-213, used Td7 traneposon-geoerated 
Tl plaBiBid tmitants in the Cms (shoot -intJucing) locus to create tumors 
which proliferated shoots. When these shoots were regenerated into 
plants, they were found to form self-fertile flowers. The resultant seeds 
germinated into plants which contained T-D8A and trade opines. la further 
experiments, H, DeGrjsye et^al. (1982) Nature 300:752-755, have fouittd that 
octoplne synthase can he Inherited as a single donlnaot Hendellan gene. 
Kowever. the T-DM had sustained extensive deletions of functions other 
than pes trtille undergoing regeneration from callus. Sioilar experistents 
with a tj «r (root-Inducing) sjutant showed that full-length T-DM could be 
transaltted through ineiosls to progeny, that in those progeny nopallne 
genes could be expressed, though at variable levels, and that cotrans- 
forned yeast alcohol dehydrogenase I gene was not expressed (K, A, Bartoo 
et al. (1983) Cell 32; 1033-1043). It now appears that regenerated tissues 
which lack T-DNA sequences are probably decended from untransf ormed cells 
which "contsfflinate" the tumor (G. Ootss et,^. (1982) Cell 30 1 589-59?) . 
Recent work by A, N. Bl«n8 (1983) Plants ^58:272-279, indicates that 
tumorogenic genes, in this case tmt j can be "shut off" during regeneration 
and "turned back on" by placing regenerated tissue In culture. 

Roots resulting from transf ornjation from A, rhlzogenes have proven 
relatively easy to regenerate directly Into plantlets (M.-O. Chilton 
et.al,. (1982) Kstuta 29St432-434. 
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A nuaiber of genes have been idetstlfied wtthtti the T-OM ef the TI? 
pXssBids . I About half « 4o««ii octopine plasmid T-0M treuscripta have been 
o&pped (Sl B. Gelvto ^al.. (1982) Proc. Natl. Atad. Sei. USA Ti*? 6-80, 
t. ¥illmit»er el «1. <19S2) EMSO J. U139-146> and aom fuwetiont have 
been essigaed {J. I*eeroans «! <1582) smo J. j_:l47~l52>. Some of these 
transcripts, specifically those la , the region encoding tmr mi tm ^ can 
also be tretiscrlhed prok«ryotic cells (G. Schroder et.*l» (1983) EHBO 
J. 2:403-409). The four genes of a» oct opine type plastaid that have beeo 
well defined by tr»n»po«oo «utage»esls ittolude tws,^ tn«> «»d t»l .^ (»« J. 
Garftokel at &1* (1981) Cell 27jU3-153), T1 plasadde which carsy muta- 
tions In these geoea respectively incite tustorous eelli of Kicotlaoa taba- 
cum whlch^ generate shoots, proliferate roots* and are larger than 
norroal. tn other hosts, tutants of these genes can Induce different phen- 
otypes (see M. W. Bevan & M.-O. Chilton (19S2) Ann. Rev» Genet. 16; 357- 
384). The phenotypes of tcs and tig; are correlated with differences in 
the phytohormone levels present In the tutoot. The differences In cyto- 
klnisiauxin ratios ere similar to those which In culture induce shoot or 
root fortaation in untransf ormed callus tissue (0. E, Aklyoshi et al. 
<i983) Proc. Natl. Acad. Sci^ USA 80;A07-4U). t-QSk containing a func- 
tional gene for either t m^ or tor, alone, hot not functional ttnl alone, can 
promote significant tuwor growth. Promotion of shoots and roots Is 
respectively stltmleted and Inhibited by functional tjal (L* Seam et al . 
(1983) Proc. Satl. Acad. Sci. USA 80; 1660- 1664). Mttatlons in ^DM genes 
do not seem to affect the Insertion of T-OM into the plant genome 
(teemsne e t _ a l . (1982) sujgra* Be«g e t a l. <X983) eupga) . the ocs_ gene 
encodee octopine synthase, vhlch has been settoeneed by H. De Greve et al . 
(1982) J. mi* Appl. Genet. _i.s*99-511. It does not contain introns 
(intervening sequences coofflonly fou»d in eukaryotic genes which are post- 
trsnscrtptlonally spliced o«t of the wesaenger precursor during tsaturation 
of the kSSA) . It does have segoences that resemble a eukaryotic tran- 
scriptional signal ("TATA box**) and a polyadenylation site. All of the 
signals becesBary for expression of the oes_ gene are found within 295 bp 
of the oca transcriptional start site (C. Koncs et^al* (1963) tmO J. 
2^! 1597-1603). 
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Sopalioe ti piaswias encode the nop«llne »yt>th«8e ge«8 {trq*), «^ich 
ha» be«« «eqoenced by A. Deplcker et al,. (1982) J. Mol. Appl. Getiet. 
1 5561-573. As was fouod with the ocigeae* nos le not Internipted by 
7fttcon«, It has two putative polyadeaylatioo sites and a potential "TATA 
box*. Xn contrast to ooa. nos, i« preceeded by & sequence which inay be a 
tranecriptional signal Voom m » "CAT box". All of the signals necessary 
for expression of the nos^ geoe are found within 261 bp of the nos^ tran- 
scriptional start sice (C, Koncss et_8l-, aupra) . A gene for agrocinopine 
eynthase and genes equivalent to ttas and tmc have been Ideotlf led on a 
nopaline-type plasaid (H. Joos et_ al. (1983) Cell 32a057-1067), and « 
nambet of transcripce have been trapped (L. Wlllialtaer et. el.* (19B3) Cell 
32 i 1045-1056). J. C. McPherasoo et^al.* (1980) Proc. «atl. Acad. Scl. USA 
77;2666"2670, reported the In vitro translation of T~ORA encoded aRSAs 
from crown gall tissues. 

Tranecriptioo from hairy root T-08A baa also been detected (t. 
WlUmltaer et al. (1982) Mol. GenV Cenet. 186 ; 16-22). functionally* the 
hairy root ayndtooe appears to be efiittivalent of a crown gall tumor Incited 
by a n plasmld mutated in tttt <F. F. «hlte & E. W. Seater (1980) J. 
Bftctertol. 144 ;? 10-720. 

In euVaryotee, wethylaclon (eapecially of cytoslne residues) of DNA 
is correlated with transcriptional inactlvatlon; genes that are relatively 
under methylated are transcribed Into aRHA. S, 8. Celvln et el. (1983) 
Nucleic Acids Res. JU: 159-174, has found that the T-OSA in crown gall 
tumors is .always present in at least one ttnmethylated copy . That the saae 
genone «ay contain nutaerous other copies of T-DM which are methylated 
suggests that the copies of T-DNA in excess of one may be biologically 
inert. (See also G. Ooias et^al. (1982) Cell 30:589-597.) 

The Ti plasmid encodes other "genes which are outside of the T-D8A 
region and- are necessary for the Infection process . (See M. Holsters 
et al . (1 990) Plasmid 2.5212-230 for netpaline plasmids, and H. Oe Greve 
et al. {1981} Fiasmid 6^;235-248s D. J. Garflnfcel and S. W, JJester (19S0> 
J. Bacterlol 144 ;732-74'3, and G, Ooos (1980) J. Bacterlol ]Mj82~9l for 
octopine plasmids). Host important are the one genes, which when Tsutated 
result in Ti plasmids incapable of oncogenicity. (These loci ace also 
known -as vir, for virulence .) Several one genes have been accurately 
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mapped mi have feeen fmni to b« loeatsd io reglofls conserved aiBong 
various fl plasalds (R. J. Klee et «1. {1^83) J, Bscterlol. 153; 878-883, 
V, n. ly&T et_&l* (19&2) Mol. 6e». Genet. 188 i4l8-424). The one gaoes 
futjction li> tranjB, being C8|>abie of causing the tren3formatlon of plant 
ceils with ^T-Dli& of a different pXesTBl4 type and physically located on 
another plasadd (J. Hllle et.al. (1982) Plasmid U107 US, H. J, Klee 
at (1982) J, aactectol 150:327-331, A. J. de Ftaoond et sa. (1983) 
Blotech«ol. 1^:262-269). Hopallne Ti OSA, h««i direct repeats of aboat 25 
base pairs issmedietely adjacent to the left asd right borders of the T-0Hi 
which might he Involved 1b either excleiot* from the Ti plastsld or Integra- 
tion into the hoet geftoae (H. S« Yadav et al . (1982) Proe. Satl. Acad. 
Sci . USA 79.: 6322-6326 )» 8t»d a hoxaologoua sequetice has been observed adja- 
cent to awjoctopine border (R. B. Simpson et,al. (1982) Cell 
29^! 1005-1014). Opine catabollsa Is specified by the oce end ooc genes, 
respectively, of oetoplne- and oopaline-type plasmids. The Ti plasiaid 
also encodes functions necessary for Its owo reproduction including an 
origin of replication. Ti plasmtd transcripts have been detected In 
h tuaefaciens cells by S. Gelvln et.8l. (1981) Plaswld 6_j 17-29, who 
found that T-DHA regions were weakly transcribed along with noo-T-DIiA 
sequences .j TI plasiBid-deterained characteristics have been reviewed by 
Msrio, a uyi k a^ (see especially Table II), and Seam & Cordon su p r a* 

A grobacterluta-TlP Plasald PSA 

Different octopine-type TI plesiidds ate nearly lOOX homologous to 
each other when examined by DSA hybridisation (T. C. Currier & B. W. 
Hester (1976) J. Bacteriol. 12& :15?~I65) or restriction enzyae analysis 
(0. Sclak^ «1 <i*?®> fiasoid U23S-253). Rbpallne-type Ti plasmlds 
have as little as 67% homology to each other (Currier * Nester, supra ) « A 
survey revealed that different Ri plasaids are very homologous to each 
other (?. Costantlno et, ai. (1981) flasiaid 170-182) . N. H. firuwrnond * 
M.-B, Chilton (1978) J. Bacterlol, 136; 1178-1X83, showed that proportion- 
ally small sections of octoplne- and nopaline-type Ti plasmlds were homol- 
ogous to each other. These ho«ologles were mapped io detail by G. Engler 
et al . (1981) J. *bl. Biol. 152:183-208, They found that three of the 
four hosBologoua regions were subdivided into three (overlapping the 
T-0SA), four (containing sotae one genes), and nine (having ooc genes) 
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Ko«ologeu« «eq«eoce«. The uninterrupted howoXogy cofltaias at least one 
tr« g«»ft (^^^ conittgal transfer of the Ti pXasaid to other bucterial 
cells), and genea Involved in repHeetlon end incompatibility, tbis wtjln- 
terrapted region has hoffiology with a S^ffl plasaid (involved io symbiotic 
nitrogen fixation) from a species of Rhtgobluo, a different genus in the 
family Rhizobiaeeae (R- K. Ptakaah .^al. (1982) Plasaid ls271-280) . The 
order of the four region* is not coneerved, though they are all oriented 
in the same direction. Part of the T-DKA seciuence i« vety highXy con- 
served between nopallne and octopine plaaalds {M.-D. Chilton elal- <1978) 
nature 275:U7~U9, A. OeplcVer et. «1. (197S) Satttte 275:150-153). Si 
plastnida have been ahown to have extensive homology aaong themselvea, and 
to both octopine <F. White & E. W. Neater (1980) 4. Bacteriol. l^^my- 
720) and nopallne (C Hisuleo et^jd. (1982) Plasaid 1:45-51) Tl plaatside, 
primarily lo Ugiona encoding one. geaea . Rl T-ONfl. contains extensive 
though weaV homologiea to T-DHA froto both type* of ti plasmid 
a. Wlll«lt*er et, ad* {1982) Hoi* Gen. Genet. _186ti6-22). Plant DM from 
uninfected Kicotiana glstica contslns sequences, referred to s« cT-0SA 
(cellular T-DNA.), that show hoaology to a portioo of the Rl T-OHA. (F. F. 
WhUe £lal. (1983) Nature 301;348-350, L. Spend etal. (1982) Plant 
MoUc. Btol. 1:291-300). G. A. HuffoaD et.al. (1983) J. SacterloX., have 
mapped the region of crosa-hybridlzatton and have ahown that 8i plasaid, 
pftlA4b, la fflore closely related to « pTlA6 (octopine-type) than pTlT37 
(nopaline-type) and that this 81 pleawid appears to carry sequence 
homologoaa to ttw but not tgr. Their resulta also suggested that Si t-DM 
may be discontinuous, analogous to the case with octopine T-DSA- 

It has been shown that a portion of the Tt (H.-D. Chilton et al. 
(1977) Cell m263-27U or Jll (M.-O. Chilton (1982) Uature 295:432-434, F. 
F. White et al. (1982) Proc. Natl. Acad. Sd. USA 79:3193-3197, 
Wlli«itser <1982) Mol. Gen. Genet. Jt86.:16-22) plassdd Is found In the OSA 
of tumorous plant cells. The transferred nm Is Vnown as X-DM. t-DM Is 
integrated into the host SUA <M. IF. Thomashow b^bI. (19S0) Proc. Natl, 
Acad. Scl. mk TU&m 6452, K- S. tsdav et^al. (1980) Mature 281:458-461) 
la the nucleus (ff. P. Nuti et_al. (1980) Plsnt Sci . Utt. IBtl-^, L. 
WlUmltzer et.al. (1980) «ature 287:359-361, H.~B. Chilton et, al. (1980) 
Proc. liatl. Acad. Sci. USA 77 :4060 . 4064) . 
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M. F, IhOBisBhew et, «i . (1980) Pcoc. Satl. Acad. Sei. USA 77s6M8- 
6452» «nd «. F. Thotaashow et &U (1980) Ceil J|9_t729-739, found the T-PM 
ftOB octopi»e-type fl pXe«oit48 to have been integrated ia two separate 
«ectio««, TL~DNA mad TR-DM, left and right T-DNAa respectively. The copy 
nurafeers of fR and TL can vary <D. J. Merlo et »1 . {1980) (folec, 6et>. 
Genet. 177 ;637~&43) . A core of T-OHA la highly hottiologoua to itopsliae 
T-OHA (ChiltoTt et^aX^. (1978) gopta, and Deplcker et^ al_* (1978) supra) , ia 
required lot tamr maintenance, le found it) H., is generally present io 
one copy per cell, and codes for the genes tins, tiar« and tml * Oo the 
other hand TR can he totally dispensed with («. De Seaefceleer et al . 
Cmi) fflblec. Gen. Genet. 183:283-288, G. Oonts et al. (1982) Cell 30:589- 
597), though found tn a high copy nufiiber (Herlo et^al* (1980) supra) . C, 
OomB et al,» (1982) Plasmld J^s 15-29, hypothealaed that TR Is involved in 
T-DNA integration* though they find that when TR is deleted from the Ti 
plasmid» Ji. tumefaeiens does retain eone virulence. C. Ooas «t al_. (1982) 
Cell 30:589-597, shoued that though T~OSA is occasionally deleted after 
integration in the plant genoiae» it is generally stable and that tutnora 
containing a mixture of cella that differ in T-OM organisation are the 
result of owltiple transformation events. The oca is found in TL but can 
be deleted; from the plant genome without loss of phenotyj-es related to 
tumoroua growth. The left border of integrated XL has heeo ohserved to be 
eooposed of repeats of I-OItei sequences which are io either direct or 
inverted orientations (I. B. Slapson et al . (1982) Cell 29*1005-1014). 

In contrast to the situation in octopine-type tumors, nopaline X-DKA. 
is integrated into the host genome in one continuous fragment (K. Letamers 
et, al. (1980) J. itol. Biol. U4; 353-376, P. Zambryski et, ai* <1980) 
Science 209 il385~139l)« Direct tandetu repeats were ohserved. T-ONA of 
plants regenerated from teratomas had tainor rsodlflcaclons In the border 
fragoents of the inserted DM (Leajsers et sJ_,, guy ra ) . Sequence analysis 
of the junction between the right and left borders revealed a number of 
direct repeat* and one inverted repeat. The latter spanned the junction 
(2ambty«k± et^al* (1980) supr a). The left junction has been shown to vary 



by at lea^t 70 base pairs while the right junction varies no more than a 

single nucleotide <P. Zamhryski ellir (^982) J, Molec. Appl. Genet. 
J_;36I-370), Left and right borders io junctions of tandem arrays where 
separated by spacers which could be over 130 bp. the spacers were of 
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unknown orlgiti mi contained some T-8HA sequences* T-ONft. waa found to be 
lotegrated Into both repeated and lew copy «a»ber bo»t sequences. H. Joos 
et &1 * Cell 32 {1057-1067, have shown that virulence is not eXtttltta- 

ted after deletion of either of the usual nopallne T-DNA bordecs. 

SlBf>»oa et.«l» (1982) Bugra, and Zaabryski et,al,» (1980) sugra have 
suggested that direct repeats in the border regiona are Involved in lnte~ 
gration of T-OSA into plant DKA. That T-DSA having bordiers from two 
different Tl plaatttlds are less speclflcallif iDtegrat«»l than are honK>logoos 
borders supports this suggestion <C. Ooias et al« (1982) Plant Mblec. Biol, 
J^: 265-276), 

N. S. Yadav et al . (1982) Proc, Hatl. Acad. Sci. USA 79 t 632 2-6326, 
have found a chi site, which in the bacteriophage X augraents general 
recoisbinatiot) in the surrounding DNA as far as 10 kilobases awsy, in a 
ttopaline Ti plasraid just outside the left end of the T-DNA. R. B* Simpson 
et^al. (1982) Cell 29;1005-1014, have not observed a chl seqoenee in an 
octoplne Ti plasmid, though the possible range of action does not elim- 
inate the possibility of one being necessary and present but outside of 
the region sequenced. The significance of the cht in the Ti plasoid Is 
not known, tf the chl has a function, it is probably used in Agrobac^ 
teriam cells and not in the plants, as c h i _ Is not found within the 7-DSA. 

AgrobacterigBr«Bnipqlat i on6 of the TIP Plasmlds 

As detailed in the section on Shuttle Vectors, technology has been 
developed for the introduction of altered OSA sequences Into desired loca- 
tions on a TIF plasmid > Transposons can be easily inserted using this 
technology (D. J. Garflnkel et «1. {1981) Cell 27; 143-153). Ji-P, 
Semalsteea et, jd. (1980) Nature 287:654-656, have shown that a OKA 
se(|uence (here a bacterial transposoo) Inserted Into T-OHA In the Tt plas- 
mid is transferred and integrated into the teclpleot plant's genome. 
Though insertion of foreign ONA has been done with a nu«ber of genes frora 
different sources, to date foreign genes have not usually been expressed 
under control of their own promoters. Sources ot these genes Include 
alcohol dehyarogensse (Adh) from yeast (K. A. Barton et^al_. (1983) Cell 
32^51033-1043), AdhI (J. BennetKen, unpnblished) and zeln from corn. Inter- 
feron and globln from mammals, and the matstnalian virus SV40 (J; Schell, 
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unpublished)* However « when the 0O|»aIlo« •ysthase gene was inserted isco 
octoplne T^OKA. e«d transformed Into plmut tissue. It was Cousd to be fttliir 
fijnctloaal (C. L. Fink (1982) M.S* thesis, tloiversity of Wi8consl«~ 
Madison) • Thm gene encoding phaeeolls, the storage i^roteln lousd in seeds 
of the bean Fhaseolus vulgaris t., hss been trsnsf erred into and expressed 
tn swnf lower tumors. This latter work constitutes the first exaisple of a 
transferred plant gene being expressed ooder control of its own promoter 
in foreign plsnt tissue. Traneerlption started and stopped at the correct 
positions, and introos were posttrsDseriptlonslly processed properly 
(T. C. Hall e t a l.. US application ser* no. 485,613, which is hereby 
incorporated bj" reference). «. Bolsters et^al^. (1982) Mol. Gen. Senet* 
i $5 t 283-289, have shown that a bacterial trsnsposos (la?) inserted into 
T-OKft, could be recovered in a fully functional and seeningly unchanged 
form after integration into a plant geoone. 

deletions can he generated tn a TIC plasnid by several nethods. 
Shuttle vectors can be used to Introduce deletions constructed by standard 
recombinant DSft techniques (Cohen & Boyer, US Pat. 4,237,224). Deletions 
with one predetermined end can be created by the improper excisios of 
transposoos (B. P. Koekman et^ al^. (1979) Plasiald ^:347-357, and G. Oows 
et.al. (1982) Plaswid r«i5-29). 3. Hille & R. Schilperoot (1981) Plasmid 
fe^t 151-154, have deisonstrated that deletions having both ends at predeter- 
ffllned positions can be generated by use of two transposons* The technique 
can also be used to construct "recoBbtnant ONA" nolecules i n vivo. 

The nopaline synthase gene has been used for insertion of DNA seg- 
ments coding for drug registsnce chat can he used to select for trans- 
formed plant cells. In plant cells, the kanamycin resistance gese from 
TnS Is not transcribed under control of Its own promoter (J, 5. Kemp 
et_sl. {IS «ay 1982) Beltsvilla Symp. VII, Beltsville, to be published 
(1983) in Gene tic Engl ne e ri n g ; Appllea t tons to Ag rl cu 1 tu re , ed. h, 0. 
Owena; and C, L. Fink (1982) supra). M. W. Sevan et^al. (1983) Nature 
304:184-187 and T. ?raley et al,. (1983) Proc. Satl. Acad. Scl. CSA 

4803-4807, have inserted the kanamycin resistance gene (neomycin phos~ 
phot ransf erase II) from Tn5 behind (i.e. under control of) the nopalloe 
promoter. The constmctloa was used to transform plant ceils which in 
culture displayed resistance to lanastycin and its analogs such as G418. 



-18- 



0142924 

J, Schell «1«X* <15 January 1583) Mlsmi Winter Syap.(Bee «l»o 4. L, 

ifant {1983) Science 219:830), reported a siasilst couetrttctioft, 1« which 
the wethotrewite re«l«t«oce gene (dlhydrofolete reductase) from Ttj7 was 
pieced behind the tiopaline syttthaee promoter. Transforaed cells were 
resistant to aethotrexate. Similarly, t. Hercera-Estrells e£ &1. (1983) 
S«ture 303; 209-21 3 » have obtained expression in plant cells o£ enzymatic 
activity for octopine synthsee and chloramphenicol acetyltranef erase, a» 
enzyme which lt> bacteria confers reelstsTJce to cbloraispbenlcol, by plscing 
the structatsl genes for these two ensiyises under control of nos promo- 
tet». 

T, e. Hall et_ al-, US application ser. no. 485,614, which is hereby 
Incorporsted by reference, have fused the pes promoter end the 5' end of 
the octopine synthase etructural gene to the etructucel gene for the bean 
seed protein pheseolln. A fusion protein having the eaiioo terminus of 
octopine eynthaU and lacking the amino tetainua of phaeeoliis was produced 
onder control of the T-DM promoter. The Introns, srhich were contributed 
by the phaseoUh sequences, were poettranscrlptionally processed properly, 

A. 4. de Framond e^sl. <1$83) Blotechnol. U 262-269, has reported 
that on the conetructloo a "mint-Ti plasmld**. lo the nopaline T-OSA there 
is normally only one site cut by the reettlction eocyme Ki>nl . A matant 
lacking the site was constructed and a Kpnl fragment, containing the 
entire nopaline T~DKA, was Isolated . This fragment together with a 
kaaaaydn resistance gene was inserted into pRK290, thereby resulting in a 
plasmld which could he aalntatoed in A. tuaefaclans and lacked alwoet all 
non-T-ONA Ti sequences. By itself, tht« pXasmld was not able to ttaosfona 
plant cells. However when placed in an k* tumefaclens strain containing 
an octopioe Tl plasmld, tussors were induced which synthesized both octo- 
pine and nopaline. The minl-Ti plastalds has also been transferred into 
plant cells when completssnted with & Ti plasreid deleted for its own 
T-DM. These results indicated thet the non-T-DM funccioas acted in 
trans, with T-ONA, that the aisslng nopaline Ti plasmid functions were 
coioplemented by the octopine Tt plasmld, and that the nopaline "talnl-Tl" 
was functional I In the transformation of plant cells* A similar pair of 
complementing plasmids, each containing either octopine T-DSA or one. 
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genes, hae bees eoostruetfed Isg? A. Hoekena £t «a. (1983) Katute 
303tX79-180. 

Chiltoa et_*l. <18 January 1983) 15th Ml&mi Wtater Symp,» also repor- 
ted on the construction of a *tticro-Ti" plaswld made: tfjc resectloslng the 
ttlfii-ti with Smal to delete essestlslly all o£ T^DKA but the nopaline 
synth&ee gene and the left end right borders. The ailcro-Tl wes toeertefi 
into a modlf ted p8K290 pXesnid that vma mlseing it» Staal site, and w*» 
employed in a «utnnar similar to tsini-Ti, with cootparahXe results* 

] 

One object of this invention is to confer pest resistance* specify 
icaliy insect resistance^ to s plant. In pursuance of this goal, other 
objects are to stably Insert a gene coding for an losecticldal protein 
Into the genooe of the plant cell, to have this gene expressed in plant 
tissues, for the expression to be either regulated or constitutive, snd 
for the plant tissues to be in a normal plant . Another object is to pro- 
vide novel speclsliaed Insecticldal tissues for a plant, in particular a 
means for producing on a Bormal dtcot a gall which contains within its 
tissue an Insecticid&l protein. Other objects and advantages will become 
evident from the following description. 

The ln%'ent low disclosed herein provides a plant comprising a genet- 
ically modified plant cell having an insecticide structural gene intro- 
duced and expressed therein under control of a plant expressible protso- 
ter. Further, the invention provides plant tissue cossprieing a plant cell 
whose genome includes T-DKA cooprisiog an insecticide structural gene 
inserted la such orientation and spacing with respect to a plant 
expressible promoter as to be expressible in the plant cell under control 
of that promoter. Also provided are novel st rains of bacteria containing 
and replicating T-DSa, as defined herein, the T-OHA being modified to 
contain an inserted insecticide structural gene in such orientation and 
spacing with respect to a plant expressible promoter as to be expressible 
in a plant cell under control of said proraoter. Further, the invention 
provides novel plastnlds having the ability to replicate In E^. coll and 
comprising T-ONA, and further eoaprlslng an insecticide structural gene 
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lijg«rt«a withlt! T-DHA co»t«lc«i within th« in tuch aaotwr m to 

be eicpr«««tbXe lo « pUnt c«lX oniet cootrol of s ?i«i»t exj>t«««tJ»le pro- 
ndt«t« Additionally, thU invention discloses novel pl»t»id» whsrelo the 
m««ctield« «tniet«r»X gene i« capable of expreasioo i» E.. coli or 
a«cill«» eubttlXie, and furthermore dleclosee strains of bacteria har- 
boring said bacterial expression plasnids* 

The preeeot invention compriaee an insecticide etroctural gene under 
cootrol of * promoter expreselble in plant cells, «eld protaoter/gene co«- 
binatioo being inserted into » plant cell by any means known to the art. 
More epecificaily, in its preferred embodiraent the invention disclosed 
herein further comprises expression in plant ceils of an Insecticide 
structural gene under control of a plant expressible prossoter, after 
Introduction via T-DNft, that is to say, by inserting the Insecticide 
stmctur&l gene Into X-DM under control of a plant expressible promoter 
and Introducing the T-ONA containing the insert Into a plant cell using 
known means* 

The invention is usefal for genetically modifying pisnt tissues and 
whole plants by inserting uaeful insecticide structural genes from various 
bacterial species or strsirts. Such useful Insecticide structural genes 
include^ but are «ot limited to, the genes coding for tnsectlcldal pro- 
telas as defined below, especially the crystal protein of SaciUus 
thurlngiensts, related proteins, and the lifce» The invention Is exempli- 
fied by introduction and expression of a structural gene for a crystal 
protein fro« B. thuringieosis var» kurstaki 80-73 into cotton or tobacco 
plant cells. Once plant cells expressing an insecticide structural gene 
under control of a plant expressible promoter are obtainedi plant tissues 
and whola plants can be regenerated therefrom using laethods and techniques 
well known In the art . The regenerated plants are then reproduced by 
conventional means and the introduced genes can be transferred to other 
strains and cultlvars \^ co»ve«tio»«l plant breeding techlnques , 

The introduction and expression of the structural gene for an insec- 
tlcidal protein can be used to protect a crop from infestation trlth insect 
larvae such as hornwora (Manduca sp*) or European corn borer (Ojstrioia 
n ub llalis )-.. Other uses of the inveTitlon, exploiting the properties of 
other insecticide structural genes introduced into other plant species 
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will t« readily apparent to those skilled in the art. The invention In 
prlflciple applies to any intcodttction of an Insect Icide stntctural gene 
Into any plant species Into which foreign DSA (in the preferred embodiment 
T-fiHA) c«« be introduced and in which said DNA can remain stably replica- 
ted* It! general these taxa presently include, but are not limited to, 
gytimosperms and dicotyledenous plants, such as sunflower (faally 
Cowposlteae), tobacco (family Solaaaceae), alfalfa, soybeans and other 
le^sieB (family Legonittoseae), eottoo (family Mslvseese), and «ost 
vegetables* Pests vrhieh nay be controlleti by oeans of the present itives- 
tloa and the crops that nay be protected f rbn them tTiclude* but are not 
limited to, those listed in Tables i and 2» xeBpeetlvely , Because of its 
susceptibility to a nutsber of larvae, cotton is an ideal choice for the 
insertion of an Insectlcidal protein gene. Each of the following is a 
ttkajor coctoo pest and is also susceptible to the B_» thutlngiensis insectl- 
cidal protein: fiellothis aea , (cotton bollworm), Peetioflophora gossyplella 
(pink bollwona), Beliothis virescens (tobacco budwora), Trlchoplusia ^ ni 
(cabbage looper). Application of insectlcidal protein prepared from spor- 
ulating thoringtensis does not control insects such as the pink boll- 
worm In the field because of their particular life cycles and feeding 
habits* A plant containing in its tissues insectlcidal protein will con- 
trol this recalcitrant type of insect, thus providing advantage over prior 
Insectlcidal uses of B^. tharlogieftgig* By incorporation of the Insectlci- 
dal protein Into the tissues of a plants the present invention 
additionally provides advantage over such prior «ses by eliminating 
instances of nonunlforw application and the costs of buying and applying 
insectlcidal preparations to a field. Also, the present invention 
ellalnates the need for careful timing of application of sach preparations 
since small larvae are most seositiw to Insectieldal protein and the 
protein is always present, ffilnimixlng crop damage that would otherwise 
result fro-m preapplication larval foraging. 
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flgur. 1 p»w«8ti fcht m««tic« of th« erytt«l ptowli» gto* of 
pl23/58-lO, defetibsi in EjwapU !• 

rigar* 2 pr«««at» » «ap of r«»tTl«tlo» t tt«« and twts.crtpu of tHe 
T-OSA of pTli5955. 

Figure 3 1» a di«gr*« of a co»8tructi08 aescrlbed i« E«««ple 2 of a 
r*co«i»l««tt DWf vector carrying «« loaectlcide atructural gen* «nder con- 
trol of « plant eTqptc«8lble proaoter. 



DETAILED PESCRIPTI08 0? ISVESTIOg 

The following iefioitlons are provided, in order to rewove «mWg»i"- 
tles to the Intent or scope of their usage lo the specif tcatioo end 
claiae. 

T^PSA: a eegment of OSA derived froa the trensforast Ion-inducing prin- 
ciple (TIP) which becones Integrated in the plant geoonse. As used hereiB. 
the term inclodeB DM originally derived from any tumor-inducing strain of 
Asrohecterluta iincloding t:SB^&ciss^ and A. rM^o^enes, the inserted 
segment oE thJ latter 80«etimes referred to lo the prior art as R-ONA. Its 
addition* as used herein the tern T-DNA Includes any alterations, modlfi- 
catlona, sutatione, substitutions, insertions and deletions either 
naturally occHcring or Introduced by laboratory procedures, « principal 
structural re<iairei»ent and limitation to such aodlfl cat Ions being that 
sufficient of the right and left ends of naturally-occurring T-DSAs be 
present to Insure the expected function of stable Integration In the 
transformed plant cell genome which 1« characteristic of T-DJiA, The T-0m 
tsay Itself be a composite of segments derived from a plurality of sources, 
naturally occurring or synthetic* In addition, the T-DNA must contain at 
least one plant expressible promoter, 5' or "tipstream" from the site of 
insertion of Jthe insecticide scr«ctural gene, in sufficiently cempiete 
form to control initiation of transcription and Initiation of translation 
of an inserted insecticide structural gene, this promoter may be derived 
from a T-0NA gene, a plant gene, or any other gene having a promoter that 
is functional within a plant cell In at least one tissue and at least one 
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developtaeutttl stage. Preferably, «a iafiertlon site will be provided 
"doii«8tre««** i» the direction of trenscrljitiefi a»d translstion Initiated 
by the pcowoter (3* to the pwaoter), so loeeted with respect to the pto- 
asoter to enable «a Inseeticide str«ctaral gene inserted therein to he 
expressed under control of the proiaoter, either directly or as a fusion 
protein. The T-DJtt. nay also include a 3 '-untranslated regio« downstream 
from the site of insertion of the Itjsectlcide structural gene, which may 
function to regulate termination of trans ctiptloa, polysdenylatioo, and 
post-trans'crtptional RHA proceaalng. Optionally, a fu«io» protein aay 
also be formed between the loaectlcide structural ge»e and the 3* end o£ 
the stnictttral gene donating the 3'-o«tr»«slated region. The ptoaioter and 
3 •-untranslated region eleoents may be derived fro« the »a»e, or different 
pre-existing genes and aay be derived from the saoe or different f>laat, 
T-OIW., or other sources. Tor example, an insecticide structural gene, as 
exenplifled herein, could be nested between a plant gene promoter and 3' 
sequence from the same gene, or it could be a construct comprising the 
^^-untranslated region of one gene and the proaoter of another, derived 
from the «a»e or different plant species or T-DNA. The coding region of a 
plant gene, as herein defined, may include a cDKA copy of the structural 
portion of a plant gene. The promoter and 3* -untranslated regions taay 
also Include modifications, either naturally or artificially Induced, and 
may include chemically synthesieed segments. 

P l a nt promoter: As used herein Includes regulatory elements, and may 
furthet include structural elements^ of a plant gene said elements being 
exogenous to the genes of T-OSA. itself. These include, but are not 
limited to, promoters of the genes for phaseolla and the small subunit of 
ribnlose-l,5-blsphoaphate carboxylase. Furthermore, a plant gene promoter^ 
is a region of the gene which provides for and may regulate the initiation 
of transcription and the Initiation of translation. Additionally, the 
plant structural gene secjwences (the region which codes for a protein in 
part or In whole and which asay or may not contain one or more Introns) jnay 
be Introduced Into T-DKA. (An IntroB is a region of s gene trsmcrlpt 
which is posttranscriptiooally removed before the taSNA is translated.) 
Expression under control of a plant promoter may take the form of direct 
expreaelon in which the etructural gene normally controlled by the promo- 
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t«r t» removed In part or in whole and replaced by th« Inserted losectl- 
cide structural gette, a start coim Mlftg provided either «s « reaaant of 
the plane structural gene or *• part of the inserted Insecticide etruc- 
tural gene, or by fuelou protein expression lo which part or ell of the 
Inaecticide structamal gene is insertftd ixt correct reading fnarne ohase vdthSn 
the existing plaot structure! gene* In the latter case, the expression 
product Is referred to as « fusion protein. The proawter segment may 
Itself be a cotaposlte of eegaents derived f ro» e plurality of sources, 
osturslly occurring or synthetic* iSoorces of s plant promoter inclnde, 
bttt are not Halted to, plants listed in Table 2. 

t~Om promoter; Refers to any of the naturally occurring promoters 
coTOOoly associated with Integrated T-DHA. These include* but are not 
Halted to, promoters of the "1-6" transcript, octoplne synthase gene 
<ocs>, nopaline synthase gene (o os )» t««, tml^ and tia r genes, and aay 
depend lo part on the TIP source of the Expression under control 

of a promoter oay take the f or« of direct expression in which the 

structural gene ooriBally controlled by the promoter Is resmoved Id part or 
in vhole and replaced hy the Inserted Insecticide structural gene, a start 
codon being provided either as a rearoant .of the T-OHa. structural, .gene or 
as part of the Inserted insecticide structural gene, or by fusion protein 
expression In «hich part or all of the plant structural gene Is Inserted 
tn correct reading' frame phase within the existing T~om structural 
gene* In "the latter case, the expression product Is referred to as a 
fusion protein. The prooioter segment nay Itself be a composite of seg- 
ments derived from a plurality of sources, oaturally occurring or syn- 
thetic. 

Flant expressible protnQtar; As used herein locludes the defluttloos for 
t-ON/^ promoter and plant promoter, supra * However, an essential aspect of 
the promoter component of the present loves tloo Is that the Insecticide 
structural gene be under control of. promoter expressible In a plant 
cell« Therefore, plant expressible promoter additionally refers to any 
promoter expressible In a plant cell which Is expressed In at least one 
tissue during at least one developmental stage. Sources might Include, 
but need not be limited to, plant viruses <e.g. the promotars for the 35S 
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«fid 19S transcript* of cauliflower oosale virus, Calff), atiinal vlruBea, 
nooplatJt eok«ryoteB <e»g. animal*, yeaat), or plastida <«*g. a eiilotoplaat 
or t>r6k«ryotic prooseter If the ittsectiei^le geoe Is to he inserted into 
ehloroplast DSA). Proi>ertie« and compooents of « promoter that la derived 
from a source chat is not a plant DHA or T-OHA (e.g. "TATA Isoxes", ATG 
trawalatlooal 8£art sites, intron splicing sites, etc.) are the saw as 
described 8|r pr a^ for t-QM promoters and plant proisoters are also Included 
within the present definition. The proaoter segntent may ItseU l« a co«cr 
posite of eegaseota derived froa a plurality of sources, aatutally 
oeeutriag or synthetic. 

Xosectieide atrgetoral geoe? Aa used herein loclades that portion of ao 
insecticide gene coopriaing a DSA segment coding for ao inaecticidal pro- 
tein, polypeptide or portion thereof, possibly locladlng a translatlooal 
start codou, but laclelng other functional eletsents of a haeteriaX gene 
that regulate inttlatiofi of traoaerlption and inititatio« of translation, 
coffloooly referred to as the prontoter region. (Kote that tn the preseot 
invention such hscterial functional eleteettts may be present after transfer 
of the insecticide structural gene into T-DNA. However, because they are 
fioc functional within a plant cell, such elements are not referred to by 
the term "insecticide structural gene"). An insecticide struetural gene 
may be derived in vhole or la part from plassnid ONA, genomic DNA, cONA and 
cheffiically synthesized DSA. It la further contemplated that an insectl-? 
clde structural gene aay contain one or wore laodif Icatlona 1» . either the 
coding segments or untranslated regions which could affect the biological 
activity or chetslcsl structure of the expression product, the rate of 
expression or the tftannet of expression control. Such modifications could 
include, but are not Halted to, TButatlons, insertions, deletions, sub- 
stitutions, and "silent" modif Icstions that do not alter the chemical 
structure of the expression product but which affect intercellular locali- 
zation, transport, excretion or stability of the expression product* The 
structural gene may coostit«ta an uninterrupted coding sequence or it tsay 
Include one or mote tntrons, bounded by the appropriate plant functional 
splice junctions, which way be obtained from synthetic or a naturally 
occurring source. The structural gene may be a coiaposite of segments 
derived froni a plurality of sources, naturally occurring or aynthetic, 
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coding for » coaposlte protein* the composite protettt being iitsccticidal 
or being 4e rived io part from en Insectlcldal protein. 

Inse cttctaal protein : As used herein Includes e bacterial protelt? toxic 
ta any way to inseets. This IncludeB a protein or peptide that is 
directly or indirectly toxic or growth inhibitory under any ci rcumstancea 
to arty iBsect . Thie also includes proteins that are toxic ttpoa contact, 
iogestion, or respiration, where alone or in comTjlaaClon with other 
»stetial, at aoy tltae within the life cycle of an insect, including egg, 
larva » pupa, nytsph, and adult stages. This include* proteins toxic to 
insects, especially those of the families Lepidoptera and Dipters, «od 
those of the genera Oatcinia, Hellothia, yeetlnophoga, and Yrlchoplaata, 

«• sexta, 0. nabilalls, H. «ea, H. vlre8eea8» jP* and 
T. ni^. Other taxa that »lght be chosen as targets Itidudej^ but are oot 
iiadted to, those listed in Table 1. Exaaples of lo»ectieldaX proteins 
Inclttde, but are not limited to varloas varieties, listed i» Table 3, of 
BaclXXus thurlngleosts or of other species of Baelllcs, e.g. B. ceretts, 
2L* yo ^illiae, end B, sphaerlctts* Genes that are ased to construct or 
otherwise encode sequences encoding proteins toxic to insects include, hut 
are not limited to, phosphoiipases, hyaIuronldaKes,pJx>^3fiatas^, proteases , 
and the various crystal proteins of B_. thurlngl ens ls . The tens crystal 
proteio should be understood to refer to both the protoxln and toidn 
forms, to toxic proteins related to the protein which is found In the 
cryEt&lllne inclusion bodies of Bacillus thurin^iensis, and to artificial 
tnoaifications of naturally occurlng crystal proteins. Related proteins 
might be identified by nucleic add or proteio atractural or sequence 
homology, itnaiunological cross -reactivity, or cros6-hybrldi«ation of 
oucXeic acids. 

Plsot tissue: includes differentiated and undifferentiated tissues of 
plants including, but oot litelted to roots, shoots, pollen, seeds, tumor 
tissue, socK as crown galls, and various forms of aggregations of plant 
cells In culture, such as embryos and calluses. The plant tissue may be 
In ylanta or in organ, tissue, or cell culture, and may be derived from 
^^lants which include, but are not liiaited to, those listed . In Table 2. 
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flmt eell: As used herein Ificlades plant cells Is |>iaot« and plant cells 
and pcotoplasts in coltttrs, aad vmy be derived froa plaota which include, 
but are not llsited to those listed in tahXtt. 2. 

Production of a genetically leodified plant expreaalitg at) insecticide 
structaal gene introduced via T-DNA cottbitjes the specific teachings of the 
present disclosure wleh a variety of techniques and expedients known in 
the art. ,1a tKJSt Instances, altematlves expedients exist for each stage 
of the oveiraU process, fhe . choice of expedients depends on variables 
such sft the choice of the basic TIP or other vector systems for the intro- 
duction and stable maintenance of the eaepressible insecticide structural 
gene, the plant specie* to be nodifled and the desired regeneration 
strategy, and the particular i»»ecticlde structural gene to be used, all 
of which present alternative process steps which those of ordinary skill 
are able to select and use to achieve a desired result. For instance* 
although the starting point for obtaining an insecticide structural gene 
is exemplified in the present application by D«A isolated from 
1- tfeariogiensis var . korstalct HD-73, OKA of other insectictdal protein 
gene-carrying bacterial strains or recombinant OHA aolecules might be 
substituted as long as appropriate modifications are isade to the gene 
isolation and mnipuI«tlo£) procedures. As novel means are developed for 
the controlled expression and/or stable insertion of foreign genes in 
plant cells, those of ordinary skill In the art will be able to select 
among those alternate process steps to achieve a desired result. The 
fundamental aspects of the invention are the nature and structure of the 
insecticide structural gene at>d Its tneans of insertion end expression in a 
plant genome* The reeainlng steps of the preferred eobodi«nt for 
obtaining a genetically modified plant include inserting the promoter/in- 
secticide structural gene combination into T-DNA transferring the modified 
T-DHA to a plant cell wherein the modified T-DKA becomes stably integrated 
as part of the plant cell genome, techniques for in vitro culture and 
eventual regeneration into whole plants, which may include steps for 
selecting and detecting transformed plant cells and steps of transferring 
the Introduced gene from the originally transformed strain into commer- 
cially acceptable cultlvars. 
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A principal feature of the present lnve»tibn;l« Its preferred embodi- 
msnt Is the cofistructioo of T-OS& heviog ao Inserted Insecticide struc- 
tural gem under control of a plant expressible proraoter, or, »ost prefec- 
sbly, » T-DK4 proffioter, as these terse have been defined, supra . The 
Ineecticide structural gene aust be Inserted in corcect position and 
orientation with respect to the desired prorootet. Position has two 
aspects. The first relates to which ?ide of the promoter the structural 
gene is Inserted, it is known that the aajorlty of promoters control 
Inttlatton of transcription and rransUtlon lt» one direction only aloog 
the DNA. The region of OKA. lying wder promoter control i« seld to lie 
"downatteaa" or alternatively "behind'* or "3' to"; the promoter. There- 
fore, to be controlled by the promoter, the correct position of plant 
structural gene insertion aust by "downatream" ttom the promoter. (It is 
recognized that a few knoim promoters exert bidirectional control, in 
which case either side of. the promoter could be cpoeldered to be "down-- 
stream* theref ton*} The second aspect of positlob refers to the distance. 
In base pairs, between known functional elements of the promoter, for 
example the traoscriptioo Initiation site, and the translational start 
site of the structural gene. Substantial vsrlatton appears to exist with 
regard to this distance, froa promoter to promoter. Therefore, the struc- 
tural retjuiremenfcs in this regard are best described In functional 
terms » As a first approxioation, reasonable operability can be obtained 
«hen the distance between the promoter and the inserted insecticide struc- 
tural gene Is similar to the distance between the| promoter sod the T-DSA 
gene It noraally controls. Orientation refers to the directionality of 
the structural gene. That portion of a structursl gene which ultimately 
codes for the 4»loo terminus of the plant protein Is termed the 5 '-end of 
the structural gene, while that end which codes for amino adds near the 
carboxyl end of the protein is termed the 3'-end iof the structural gene. 
Correct orientation of the insecticide structural gene is with the 5 '-end 
thereof proximal to the promoter. An additional requirement in the case 
of constructions leading to fusion protein expression Is that the inser- 
tloo of the insecticide structural gene into the proraoter-donated struc- 
tural gene sequence must be such that the coding i sequences of the two 
genes are in the same reading frame phase, a structural requirement which 
is well understood in the art. An exception to this requirement, of rele- 
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vattee to the present Isveocioe. «xi$t« Iti th« e^se where an > 1st rot; 
««l>«rates coding 8«qtte»ee8 deriv«4 f roo an tn««cticld«l protein gese ttm 
tfee first coding segment of the Itssecttcide «tc«ctttrai gea«» In that 
esse, the Insecticide strttctural geoe tauat he provided with a splice site 

compatsbla with the upstream splice junction contributed by the oofjlnsec- 
ticidal coding sequences, and the Intron splice sites tsust be so 
poeitiooed that the correct reading frame far the prosnoter-donsted' struc- 
tural gene and the insecticide structural gene are restored In phase after 
the iotroB is reooved by post-transcrlptional processing. Mffereoces lo 
rates of expressloe or developisental control viaj he observed when a given 
-iosectldde stractural gene Is Inserted under control of different plant 
expressible promoters. Different properties, including, hot not limited 
to 8tt<* properties as stability. Intercellular or Intracellular localiaa- 
tioo or exptetioa» solubility, target specificity, and other fuoctloosl 
properties of the expressed protein Itself may he observed io the case of 
fusion proteins depending upon the insertion site, the length and proper- 
ties of the segiaent of T-ONA protein included within the fusion protein 
and BRJtual interactions between the components of the fusion protein that 
effect folded configuration thereof, all of which present noaerous oppor- 
tunities to manipulate and control the functional properties ot the Insec- 
ticldal protein product, depending upon the desired physiological proper- 
ties within the plant cell, plant tissue, and whole plant. 

Location of the proooter/lnsectlclde structural gene combination 
insertion site is not critical as long as the transfer function of 
sequences iuaaedlstely surrounding the T-OSA borders are not disrupted, 
since these regions appear from prior art studies to he essential for 
insertion of the modified T-DNA into the plant genonie. Preferred inser- 
tion sites are those which lie In areas that are taost actively tran- 
scribed, in particular the tml gene and an area designated "1.6" lying In 
the Hln dIIt~f fragment, and equivalent to transcript 24» as sho^fn in 
^*S» 2- i - • The 
term "U6*^ls used herein to designate this actively transcribed region of 
T-Ota, The T-Om Into which the promoter/Insecticide gene combination is 
inserted, is obtained froa any of the TIP plasmids. The Insecticide gene 
Is Inserted 1^ standard techniques well known to those skilled in the 
art. The orientation of the inserted plant gene, srith respect to the 
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4ir«etion ef trtftteTipttot) tod trin«Utiei! of «»ao2«iteui f*0K4 g«ti«» 1* 
«ot erltieal, *ith»r of thi tw» p9»«lt»l« orl«»t«tton» it fuftctiontl. 
Di£f«r«tie«f In r«t«i ot vxitrtttion my h» cbMtvi wh«o « giv«n g«ni it 
int«rt*€ ftt dll£i?fnc locations vithls T-&K4« potfibly b«etuit of tuch 
fictori 8« mk ffleti%yi«tloB sni chrottttio «tr»ct«r«. R««dily dtUcttblt 
letf«l» ©£ «xi>r«f«ion of s plint proaottr frea th« ph««toU» gtne hive fee«n 
obtilfte^ wh»r« that gen* w*i in»«rteid into pTil5S55, «n octoplnt-typi 
pl«»»ld of h* fctt»8l»ettff« «t « Saa l «lte foutid within th* tal^ geno ot « 
gptX gitt found within t»r« 

A convenient ne«ns for in««rtit}g a proffioter/lnsectlcide structural 
g«si»e cotsbiostiofl Into T-DKA involves the use of a shuttle vector, as 
deaerlbed a u^ r a t Having segmenta ot (these segtaents between which 

Insertion la desired) Incorporated into a plasatild eapahle of replicating 
i« JE* <iQll» *Ehe T-0SA segneot contalna a restriction site, preferably one 
which is unique within the ehitttle vector. The insecticide atructtiral 
gene can be Inserted at the unique site in the T-DKA. sequences and the 
shuttle vector is transferred into cells of the appropriate Agrobacterlaw 
atraia, preferably one whose T-DN& is homologous with the T-0KA aegstenta 
of the ahttttle vector. The traosforiaed Agrobaeter||^ ^^ strain la preferably 
growo under conditions vhlch permit selection of a double-homologous 
recombination event which results to replaceiaenc of a pre-existing segment 
of the Ti plasmid with a segaent of T-DSIA of the shuttle vector. However, 
it should be noted that the present Invention is not limited to the intro- 
duction of the protcoter /Insecticide structural gene combination into T-DHA 
by a double homologous recoroblnatioc saechanisro; a homologous recojoblRsCioc 
event with a shuttle vector (perhaps have only a single continuous region 
of homology witji the T-ONA) at a single site or an Insertion of a promo- 
ter/gene-carrying bacterial transposon will also prove ao effective means 
for Inserting that corobinatlon into T-ONA. 

Following the strategy just described, the modified t~mk cm be 
transferred to plant cells by any technique known in the art. For 
example, this transfer la most conveniently accomplished either by direct 
infection of plants with the novel Agtobacterium strain containing an 
Insecticide gene Incorporated within T-OSA, or by cocultlvatlon of the 
Agrobaeterlum strain with plant cells. The former technique, direct 
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itifeetioQ* result* la dae course is the appearance o£ a tuisor mass or 
erovR gall at ttia «lt« of iof actios* Crowt gall cells cao be atibsequetttly 
gtmn in culture and, under appropriate eircut&steoeee kuown to those of 
ordinary skill in the art, regenerated into whole plants that cotJtain the 
inserted T-DM segment. Ueitsg the ssethod of cocultiv8tion» a sertatn 
proportioti of the plant cells ere transf orated, that Is to sj^ have T-DSA 
transferred therein and Inserted In the plant cell genotae. In either 
ca$e> the tfsnsforned cells SHist be selected or screened to distinguish 
them from ootraosforwed cells. Selection is laost readily aceoapllshad by 
providing a selectahle warVat Incorporated into the T~fil» la addition to 
the insecticide stractural gene. Examples Include either dlhydrofolate 
reductase or neos^cln phosphotransferase expresssed under control of a 
oopalioe synthase promoter. These markers ate selected hy growth in 
laediom containing methotrexate or Vans»ycin> respectively* or their 
aoslogs* In addition, the provides endogenous markers such as the 

gene or genes controlling hormone-independent growth of Tl-induced tumors 
In ajlture,?the gene or genes controlling abnormal usorphology of Ri- 
induced tumor coots, and genes that control resistance to toxic compounds 
such as a«i«o acid analogs, such resistance being provided by an opine 
synthase. Screening methods well known to those skilled In the art 
include assays for opine production, specific hybridlaatloo to 
characteristic KSA or T-DNft sequences, or imoUoologlcal assays for 
specific proteins, including ELISAs {acrooyw for "ejasytae JLl"''®^ 
iMmnosorbant assay"), rsdloisimuna assays and "vestexn** blots. 
Additionally the toxic properties of expressed insectlcidsl protein can be 
used to ideiatlfy transfortaed tissue. 

Ao alternative to the shuttle vector strategy involves the use of " 
plasmlds cooprlsisg T-Om or raodiflad T-DHA, Into which an tassctlclde 
structural gene Is inserted, said plasndds belog capable of independent 
replication in an Agrobacte r iua strata . Seceot evidence reviewed in the 
Background indicates that the T~ONA of such plasmids can be transferred 
from ao Agrobacteriua strain to a plant cell provided the Agrobacterium 
strain contains certain trans- acting genee whose function ig to promote 
the transfer of T-DUk to a plant cell. Plasmlds that contain t-0HA and 
are able to replicate Independently in an Agrohacteriga strain are herein 
termed "suir-TXP" plasoids. A spectrum of variations is possible in which 
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tb« 8ub->TXF plastalds differ In Che etaoutit o£ t'^om they cootaln. Ooe end 
of the «p«ctra« retaltjs all of the T-OJU froa the TIP plesnid, and ia 
sooetitaes teraed a "mltJl-TIF" plasmld. At the other end of the apectruo, 
all but the ttlnltBttn anouot ct DHA aurrouodtsg the border is deleted » 

the renalning portions being the nlnitsaa oeceesary to be transferrable and 
lotegratahle in the host cell. Such plesislds are tersied "iBlcro-TIP" . 
Sub-TlP plasadds are advantageous io that they are ssbbII and relatively 
easy to ssnlpuiate directly, eliminating the need to traosfer the gene to 
T-ONA fro» a shuttle vector by homologous recombiflatlon . After the 
desired structural gene has been Inserted, they cao easily be introduced 
directly into a plant. cell containing the tr ana -acting genes that promote 
T-CS* transfer. Introduction into ao Ag roba e teri tfa strain la conveniently 
accomplished either "by tr&naf onset ion of the Agrobacterttra strain or by 
conjugal tranefer fro» a donor bacterial cell, the technii{ue8 for which 
are well knows to those of ordinary- skill. For parposes of lotroduttlon 
of novel DHA sequences into a platit genome, TIP plasrolds and swb-TIP plas- 
vdds should be considered functionally equivalent. 

Although the preferred embodliaent of this Invention Incorporates a 
T-OMA-based Ag r obacteriuffi -medlated systettt for incorporation of the insec- 
ticide gene la|o the genome of the plant which la to be made Insect resie- 
tant, other means for transferring and incorporating the gene are also 
included within the scope of this invention. Other means for the stable 
incorporation of the insecticide gene Into a plant genoue additionally 
Include, hut are not liaited to, use of vectors based upon vital genomes, 
adnlchroroosoffies, transposons, and homologous or nonboiaologous recosblna~ 
tion Into plant chroroosomea . Alternate fortas of dellyery of these vectors 
into & plant cell additionally include, but are not limited to, direct 
uptake of nucleic acid, fusion with vector-containing liposomes, microin- 
jection, and encapsidatioa in viral coat protein followed by an infection- 
like process. Systems based on Agrobacterlg cells and TlPs can be used 
to transform dlcots and gi/onosperns by transfer of DNA from a bacterium to 
a plant cell; systens based on alternate vectors or means for vector 
delivery taay b^ used to transform all gyionospcrms and all aoglos perms , 
including both isonocots and dlcots. 
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Itegener«tlon o£ transfoctned cells aod tissues ts accomplished by 
resort to kvtovtt cechsl^ues* An o1>jeet of the regeneration strep Is to 

obtalt) a <^bole plane that grovs atii reprodttcas normally but Which retains 
Integrated X~pSA. The techniques of regeneratloa vary soaiewhac according 
to principles known in the art, depending upon the origin of the 
the nature of any modif Icatloos thereto and the species of the transformed 
plant. Plant cells tranafonned by an, Ri-type T-pKA are readily regenera- 
ted , using teehfiiques well known to those of ordinary sltill» vlthoiife uodue 
experimentation. Plant cells traosforaed by.ti-type T~ONA can he regen- 
erated, in some instances, by the proper naaipalatlon of bomone levels lo 
culture. Preferably, howexrer» the Xl-traasformed tl»su«» ^ nx^st easily 
regenerated if the X-DHA has been nutated in oae or both «£ the t « r^ and 
ttts genes. Inactlvatloo of these genes retarod the hotmooe haXaoce l« the 
trensfortsed tissue towards sormal and greatly expands the ease and naolpa-* 
latio» of the tissue *s hormone levels lo otlture* leading to a plant th&e 
is readily regenerated because of Its inore noraal horraooe phy$ioXo£y» It 
Is iisportant to note that If the nutations in ^ to r and ttss^ are Introduced 
Into XHDM by doable homologous reconblnatioa with a. shuttle vector^ the 
ineorporstipo of the nutations oust be selected in a dlfferettt .stanner than 
the Incorporation of the promoter/insecticide structural geoe* For 
example, in the fonner instance one Mght select for chlorampbeolcol 
resistance while the latter selection might he for resistance to ksoatsy- 
cln. !rhe inactlvscion of the tros and tiar loci may be accomplished hy an 
insertion, deletion, or substitution of one or more nucleotides wlthlo the 
coding regions or promoters of these genes, the laicatloo being designed to 
itjactivate the promoter or disrupt the structure of the protein » (The 
construction of suitable raatations has been exemplified by T* C» Hall 
et al », ser. tios. 685,613 and 485,614.) In so»e iustances, tuaor cells 
are able to regenerate shoots which csrry integrated T-OS^ and express 
1~0M genes* such as nopallne synthase, aod vfhicH also express an inserted 
insecticide - structural ■ ^ ^hoote can be njajEutained vejeetatively by' 

grafting to rooted pls«ts and can develop fteHile llowers, Tt^ ^loots thus 
as parssital plant material for mnuaT progeny plants carrying t^tMH ' 
'aid expressing tite imecticide structural gene inserted tSherin. 

The genotype of the plant tissue transformed Is often chosen for the 
ease with which its cells cao be gtowa and regenerated In to yitro, c«l- 
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tttre. Shoold 8 cultiv«r of agrofiomle Interest be uitsuitsble for these 
ttaTilpalatiOQSt a; »ore amenable variety la first tr&tjsforraed. After regea- 
eratlon, the newly introduced iEorei^n insacticidal protein gene Is readily 
transferred to the desired agronomic cultivar by techniques well known to 
those sStllled in the arts of plant breeding and plant genetics « Sexual 
crosses of transfonoed plants with the agronomic cultivars yielded Initial 
hybrid- These hybrids can then be back crossed with plsnts of the desired 
genetic background. Progeny are continuously screened and selected for 
the continued presence of Integrated t-D8A or for the new ^notype resal- 
ting from expression of the inserted Insect! eidal protein gene. In this 
manner, after « odinber of rounds of hack crossing and selection, plants 
can be produced having a genotype essentially Identical to the agrooom- 
Ically desired parents with the addition of the inserted Insecticldal 
protein gene. 

In an alternative oethod for conferring insect resistance to a crop, 
one aay infect plants within « field which is to be protected with »» 
Agrobacterium cell harboring a TIP plasadd having andlsabled T-D!tt which 
carries an expressible insecticldal protein gene. W6 have found that 
larvae will feed on crown gall tissue. When Insect larve infesting the 
field eat transforaed tissue containing an insecticide gene, they will he 
affected by the: insecticldal protein within that tissue. The Agrobac- 
terlwg and TIP wight additionally encode genes for insect sttractante. 
The presence of such attractants in transformed tissue will increase the 
insects preference of such tiastie as a food source relative to the rest of 
the crop material in the field. 

SX&MPLES 

The following Examples utilize m&ny techniques well known and access- 
ible to those skilled In the arts of molecular biology and manipulation of 
TIPS and A grobaeterl u ni such aethods are fully described in one or wore of 
the cited references If not described in detail herein. Enzymes are 
obtained frow commercial sources and are used according to the vendor's 
recoBuaendations or other variations known to the art. Reagents, buffers 
and culture cohditlons are also known to those in the art. Reference 
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works containing such «tani&rd techniques include Che following: t, 
ed. {1979) Meth. Enjsymel. 68> R, Wo SLuL** «^«* ^^5*3> Meth. Enayjaol. JJO 
and I0l» 1** Gro88a«» k K, Mbldave, «d«. (1980) Hath. EtiKysol. 65. J, H. 
«tll«r 11911) ExperiaeatB in H&locttUr GenettcB. R. Davie et_sl. C19S0> 
Advanced BaeterlsX Geaetica, S. F. Schlelf S P. C. Weosink (1982) 
gractlcal Methods in H&lecttlsr Biology, and T. Manlstla jet_ajL* (1982) 
Ko3.eco3.ar Cloaing* Additio»ally, .F. Lathe et.al.. (1983) Seoet. Engin. 
jStil-SS, taake useful eoiBiients on 0H& maoipulations* 

Textual me of the name of a reatrictlon eudonuclease In isolation » 
e.g. "B ell " » refers to use of t^tat enzytae in «b eozyaiatic digestion, 
except in a diagram where It can refer to the site of a sequence suscep- 
tible to action of that enzytae, e.g. a restriction site, lo the text, 
restriction sites are indicated by the additional use of the word "site", 
e.g. "Bell site". The additional use of the word "fragment'*, e.g. "BclX 
fragment", indicates a linear doufcle-^trand^d OSA molecule having ends 
generated liy action of the named enssyme (e.g. a restriction fragment). A 
phrase sttch as -Scll/S» al fragment" indicates that the restriction frag- 
ment was generated by the action of two different enzymes, here Bell and 
SmX t the two ends resulting from the action of different enaymes. Hote 
that the ends will h«ve the characteristics ^ of being "blnnt" or "stlclcy'" 
(i.e. having a alngle-stranded protabetance capable of base-pairing with a 
compleaenifcary slngle-atranded oligonucleotide) and that the sequence of a 
sticky-end will be determined by the specificity of the enzyiae which pro- 
duces it. 

In these Examples, special symbols are, used to «ake sequences more 
easily understood. Seijaences that code for proteins are underlined, and 
codons are separated with slashes (/). The positions of cuts or gaps in 
each strand caused by restriction et»do»uclesses or otherwise are indicated 
by the placement of asterisks {*). 

Plaemids, and only plasioids, are prefaced with a **p", e.g., pT115955 
or end strain parenthetically indicate a plasmld harbored within, 

e.g., A. j tumefaclens {pTl 15955) or K8Q2(pK.S~4) . Table 4 provides an index 
useful for Identifying plaemids and their ioterrelatlooshlps. Table 5 
provides a list of deposited strains. . 
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The Hv»h »t«p in developing an insect te«i«t«Al: cro{> wee to close 
Che ia»ectlcia«l proteitj gene of B. thurtngieosis var. kurataki a&-73. 
which 1« on deposit with the Agricaltural Research Cttltwre Coliectioo, 
northern Regional ICeseerai I«hQratory> Peoria, £L^ and hae KSRL namber 
8-4488. 

1 .1 Cloning; the Bac t l l os tbur ingtensls lt>sectlcldal protein gene 

The 50 fflegadaltoo (i©) plaawia was enriched from HO-73 ueing sucrose 
gradient ceutrifugation. A HO~73 library was constructed by first diges- 
ting this plasmld with Hi ndlXI. The resulting fragments were mixed with 
and llgated to Hindlll-llaearized i>BR322 <F. Bolivar et al . (1978) Gene 
_2:95-ll3) and transformed into S. e oli SBlOl, Aapiclllin-reslataftE tetrs- 
cycllne-sensitlve traosforxaanta were screened hy digesting isolated plas- 
taid Dm with Sindlll and choosing those clones with 6-6 kllobase pair 
(kl^) inserts. Colonies containing plastaids pl23/58~3 and pl23/S8'-10 were 
selected fro« the HD-73 library for further analysis aslng an insect hlo- 
assay (see Example 6) . These clones were grown in t-l>roth and a 250 fold 
concentrated cell suspension was sonicated and the extract applied to the 
Surface of insect diet. Neonatal Manduca sexta (tobacco bornworm) larvae 
were placed on the diet foe one week. Insect larvae fed extracts of 
straine harboring pl23/58-3 or pi 23/58-10 did not grw and all larvae died 
io 2 to 5 days . There was no apparent difference between the larvae fed 
these extracts and those fed insectlcldal protein parifled frow cells of 
5.* thuringleosis ^. 

Restrlcttoo enzy»e analysis of pl23/58-3 and pi 23/58-10 Bhowed that 
the two plasmids were identical except for having the 6.6 kbp B_. thurln- 
gle n si s 0KA f ragwent Inserted Into the pBR322 vector in opposite orienta- 
tions. Kote jthat either of these two plasaids can be converted to the 
other by digestion with HindXII, religation, and trans foraatton into HBlOl 
followed by appropriate selection and screening steps. 

pi 23/58-10 wa» used to further probe the transf or^aants from the 
HO-73 pla-sald library. Sixteen of the 572 colonies hybridized to the 
insert of clorse pl23/58-10 and all had the characteristic 6-6 kbp Hindlll 
fragment. Further restriction eczyme analysis showed these clones to all 
be one of the two possible orientatlone in pBR322 of the same BM frag- 
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»eot. This suggested there couX4 be a single crystal proteio gene In 
strain HD-73. That these cloties represent the only insecticl4sl protetft 
gene ttt HD~73. was confirmed by hybridlxing labeled pi 23/58-10 probe to 
Southerti blots of HI)-73 plasmid DNA digested with Hind i 1 1, B g l l l or 
Sail. Roue of these enzymes has a restriction site In our elosied crystal 
protein gene. Hybridiestion results showed a single band of E_. ttmTln-; - 
gieneie celltilar UHA hybridized with ^123/58-10 and farther indicated that 
H0-73 has a single insecticidal crystal protein gene* We hava identified 
a t»ufflber of other clones % hybridization with « probe laade froa 
pl23/SS-lO* Restriction tsspplng has shown th«t these clones «re> &11 Iden- 
tical to either pi 23/58-3 or pi 23/58-10, further supporting the ceoelttslon 
that the B0~73 has a single crystal protein gene. 

l»2 Itanonologleal analysis 

Analyses on the proteis produced In the JE. coll clones shows that 
piaS/SS-'S .and pl23/58-];0 encodednptotelo that forsed a preclpltlit hand 
with antiserum to thurlgg le n_s_l s^ insectlcldal protein in Oaehterlony 
diffusion slides. Cell extracts were analyzed on lOX SDS-poly-acrylsmide 
gels » transferred to nicrocell«lose, and Imjaunologi cal reactions done with 
antibody stid -^^I-protein A (Western blots, Example 7), Ho band' was found 
at 130 kO (kilodaltofi) where denatured protpxin is observed, however* a 
peptide of about 67 kO wag seen that binds crystal protein antibody 
(Western blots done as in Example 7), and was Identical in size to actlva- . 
ted toxin. This peptide accounted for approximately 0,1% of the txital 
JL* 9^ ^L pi^oteiij. 

l.«3^ Sequence analysis 

Ve coiapaxed our OKA sequence results (Tig. obtained by nethods 
well known to those skilled In the art of DSft sequencing (e.g* see A* M, . 
«BxaTB & ». Sllbert (1980) ifeth* Enzymol. 65:499-550), with published 

sequences' (see SacVground) . The published sequences showed only partial 
hossology with our own sequence. An open reading frame of about 2.8 kbp 
was observed which was bounded at the 5*-end by a translstional start 
signal (MG) and did not stop before encountering the Hlnd ltt site at the 
junction between the B_, thurin g leosis. DHA and the pBR322 vector » The size 
of the protein encoded by this opeo reading' frame fcota the AXG to the 
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Rtndlll site t» gr««ter th«n that of the 67 kD plroteio th*t we observed to 
b« translated iti JB. celt eelU bot less than «h«£ Is needed to encode the 
130 kD netive crystal protein. That the exact twans of trsosUtional ter- 
ttloetion lo the p8R322 encoded read-thru peptide was tsot iatportant was 
suggested hy finding that iosecticldal activity was encoded by 
I.* thurtnglenaia ONA inserts having either orientation within the p8Il322 
vector. Presumably the Initially translated amino acid residues carhoxy- 
. teraslnal to the altinate car boxy -sterol ntis o£ the translated polypeptide 
were removed in j£. coll by a proteolytic proces^ sititilar to that which 
naturally activates the crystal protein. ' 



Example 2 

This example teaches the Insertion of the Bacillus thoring tenBls 
insecticide gene betweec a T-DNA gene promoter and a polyadeoylatlon 
{poly(A) addition) signal, the transfer of the itisecticlde gene to various 
plant species via a Ti plasmld, and the regeneration of plants expressing 
this gene under control of the T-OSA promoter. A large part of the 
strategy used ia this construction is diagrajsmed in Fig* 3, which repre- 
sents plasmids schenetleally and is not necessarily drawn to scale* 

2A fatroducttoa ^ o^^ ^ insecticidsl protein gene 

A BauHI site is introduced ' into the insectlcldal protein gene of 
pi 23/58- 10 at|a location Just 5* to the start of the coding sequence* The 
wild type base sequence (b) and the changed bases in an oligonucleotide 
primer (a) are as followss 

a) 5» AGATGCAG*GATCCTT ATG GAT AAC AAT 3* 

b) ...AGATGGAG GTAACTT /ATC/GAT/AAC/ . * . 

Het Asp Asn Asn 

The changed bases are the underlined ATC sequence In (a), ^ote that good 
hybridization; properties are insured because only three out of 27 base- 
pairs are changed* 

piaS/JS-iO is digested with Hln dlll and is ttdxed with and llgated to 
Hlndlll-linearl^ed bWB2344 (replicatlve form) QUA. The islxture traos- 
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fomed lt»to JM103 and transforaed coloales kr^ screened hf plaamids iaola^ 
tioa followed Ijr reatrlctioo analysis for the pr6«ei»€« of ioaertien of a 
sitjgle copy of the insactlddal protela gene-beariag ftagmeot* Vectors 
contaiftin^ the two possible orleotatlooa are Uheled Ml3-Bt-A and 
Mi3-Bt-S. They have the antlsense and sense strands, respectively, of the 
inaacticlde structural gene when in viral forts. 

Mi3^Bt-A is hybridized with the oiigowcleotide prlxser, 
5'AGAT(5GAGGATCCTTATGGATAACAAT3', previously syntheslaed as described in 
Example 10.1. The oligonucleotides MI3-8t-A hybrid Is Incubated with the 
Klenow fragment of E^. coli DHA polymerase 1» covaleocly closed circular 
DNA (cccDKA) is enriched* and the raixture is transforiRed into JM103. The 
virions pVodaced by transformants are Isolated and us«d to Infect cells at 
a low SMlttplictty of Infection. RF DSA is Isolated from a number of the 
Infected colonies and Is characterised by restriction tuapplng. Clones 
derived f row. the sutaot oligOTJucleotlde-prli»ed strand are Identified by 
the presence of a novel BaaiS I site at the 5"-end of the Insecticide struc- 
tural gene, and one such vector is designated Kl3~Bt-A(Batt). 

K13:rBt-A(laa) RF DNA is digested with Basfl l and Hindlll, and is 
mixed with and Itgsted to a linker, synthesUed as described In Example 
10.1, having the following structure: 

HindXlI Baaai 
S^CTAGCTGACTAeS^ 

3nfC6ACfGATCCTAG5» 

Sote that! this linker contains trsnslational stop signals (undeclined) in 
all three possible reading-phases. The linkers are trlimed liy digestion 
with and an insecticide structural gene-bearing OHA fragnent is • 

purified agarose gel electrophoresis. 

■...2*3^ Construction and modification of a prowotet vehicle 

i 

The- T-DSA "1.6- gene is suiraarized as follows J 

ClaX S60 bp 250 bp Clal 60 bp SO hp 

5 • . . ,TACACCAAAT*CG /ATG/GAC/ATG/ . . . ./TGA/ . . . j. .AT^AX .... .AAATAA . . . .AAATAA . 

promoter M 0 M .....stop polyadenylatlon slgaals 
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Hy removing the CI»X fragwent, the proaoter regloti of the "Lfit" gene can 
he brought next to the 3'-4ownstre8« region of the geoe. This 3' regtoa 
includes polyadenylation signals. The resulting stcucture Is sususaristed 
as follows: i 

Clal 60 hp 50 bp 

5 ' . . .ATACACCAAAT*CGWA6T .AAATAA AAATAAM. , .3 » 

f>ro»oter polyadeoylacioa signals 

pKSUl, which Is B pSK29£> close corresponding to the T-0KV clone 
p403 (which encodes the "1.6" gene which »as described Itt the Detailed 
Description, transcript 24 in'Flg, 2, see also C. F. Fink (1982) H.S. 
thesis. University of tfisconsiti-Madlson), Is digested with Cla l and then 
rellgated, (Alternatively, these saoe manipalations as described here can 
be done directly on p403, which is e pBR322-based clone, substituting 
aapiclllin for tetracycline during selection.) The Itgatloo vdx is trans-* 
formed into£. coli K802 (W. B. Wood (1966) J. «ol. Biol. J[£:U8) and 
selected for tetracycline reslstaiice. flassslds are isolated hy doing 
"tilnlpreps" (Plasmid preparations from swall vc(l«»e cell culcures) and 
restriction wsps ate obtained to prove the structure. The new vehicle, 
iriRS- pro I (see T. C, Hall et_al_., US applicatloa ser. no. 485,614), can be 
linearized iy Clal * 

fJSS-pr oX grown in K802 was cut with Clal isixed with and Ugated to a 
Baafi l /Cla l linker having uo 5*-phosphate, 5*CGGATC3». The resttlting mix- 
ture was digested with Cl al to remove rellgated pKS-p r o I , and transfomted 
into 14802. Plasalda fro» tetracycline resistant transfonaaots are 
screened by restriction analysis and a plasmid having the pla l site at the 
ATG translational start replaced with a Baa^ I site la designated pKS-^oI- 
C6a»>. 

,,2«3^ Introducttoo of a Kanaigyctn Resistance Gene Into pKS-proI{Bas) 

It is advantageous to have a kaoamycln resistance (kan) gene insar- 
ted next to the promoter/ Insecticide gene combination so as to allow 
selection of double homologous tecotablnants after a triparental mating. 
The source of kan was pKS-4 (Example 2,5). In pKS-4 the fcao gene is 
f landed on one side hy a Clal site. In order to remove a lean gene bearing 
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£r«««*ot fto« i>KS-4 with GUI <i.«» on a "CUI/kan" fragsrtmc) it is 
»eee««»iy t« introdue* « ClgX into th«t: pUsnid on t^ opposite «id« 
of 1t« « ttm tlie existing Cl«l site. This is «c«eni|>Xl»Hed lay convert isg e 
coBvsctently positioned Be^I site (5* ...G*GATCC...3«> to the specificity 

6f eiai {5«...AT*CGAT...3«)* 

pKS'-4 Is linearised by digestion with JsnSiX* thereby |^iter«tios 

stidcyends bevlog the CoUo^ieg structures: 

5*..,G eAXCC...3» 
3»...0CtAG C.,.5' 

The recessed ends of this structure Is filled io by ieeobatioo with the 

Klenow f regaieot of B. coU OHA polyiserese I, f onslog: the follovring hlttot- 

ends: 

i..GGATC GATCC... 
U.CCTAG ClAGG.., 

When these ends were Munt end Ugated together, the resulting suture has 

the folloMiog sequence: 

Clal 

...GGAi;*CG ATCC, ; . 

...CCtA GC*XACG... 

Note Chat the resulting structure is susceptible to the sctton of Clsl but 
not to that of _BamHI« 

Alternatively to the above construction, one may convert the Barf il 
site, or another conveniently located restriction site, into a Clal site 
by use of the appropriate linkers. pKS~4 was digested «lth Staal mixed 
with end llgated to C la X/bl«nt--ended linkers having the sequence 
5*CATCGAT63*, digested vith Clal, religated, end transformed into K802. 
Flasmids Isolated fro« transforaants reslsteint to kanastycln were screened 
fpr presence of a novel Clal site in the pos|t.tton fonselly occupied hf a 
Smsl site. A Clal/kao fragment can be Isolated fro» such a plasaid. 

»hen grovm In JB* coli 1CS02, pKS~ proI ( Baa) Is aethylated at two 
ifeoalning Clal sites: one is about 145 bases from the the promoter-poly- 
adenylation jtinctioo (this is about 30 basfes past the second polyadenyla-- 
-tion 8ite)» the other is shout 200 bases from the right hand p403 EeoRI 
site (see Fig. 2). Hathylation blocks cutting by the Clal restriction 
endouuclease at ao otherwise susceptible site. Therefore, these raethyla- 
tlons protect these sites end effectively direct action of the Clal enzyme 
to other sites. pKS- pro I( Ba«> is transferred to and grown In E^. coU 
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GK33, a strain that does not wethylate adeoosifie residues In 0SA, so that 
the otherwise wethylated Clal sites caw be cut. After purlf leactot* of 
thBt plasttld from CH33 (&KS~proI(8aii<», a partial digestion is done with 
Clal atid the resulting mixture Is llgated with the ClaX/kso fragment 
deacrihed above. After t tans foraat ton Into t, coli KS02, transf ormants 
are selected ?on tetraeycXitie and kaneaycin containing media. After plas- 
«td leoXatlot) and restriction oapftimg, a clone having the desired con- 
stTOCtioo Is identified and the plasadd found it) this clone Is labeled 
pli-83a (Fig. 3). • 

p}.l-83a has a kan gene-bearing fragment ligated Into the ^middle" 
CUI site about 30 bp past the second polysdenylatloo site. The Ban ^I 
fragment of the insecticide gcne» isolated from the Modified vector con- 
structed Ifi Example 2.1, Is now ligated Into the BaaiHI site of Basfll- 
HoearUed 5in-83a that ha« been transferred to and grown la K802 and Is 
•ethylsted. ! After traosforwatlon Iw'to tetracycline end kaoaTO/ctn 

•alectioo. plasfKKl Isolation, and restriction eoayae wapplng. the desired 
uonatructlon having the insecticide structural gene inserted between the 
pTll5955 "1.6" proaoter and polyadenylatloo site Is identified, and the 
plaSTsld harbored therein is labeled pn-83b (?ig. 3>. 

2«4 Introdoctton of ptl-83b into Tl Plasmtds 

pjl-83bi8 introduced into pTil5955, pTiA66 {equivalent to pTil5955 
b«t having a nonfunctional tas ^ ^ gene), and ©utants deleted in gene 
atfectlng regeneration by homologous recombination CHxample 10). Tobacco 
plants ere transformed by a system described In Example 6, and trsnsfor- 
mmntB are identified by Southern and Northern blots Ctechtttques well known 
to those skilled in the art) with appropriate probes and by the presence 
of octopine and crystal protein. Traosforioed tobacco tissue Is lethal to / 
tobacco hortiworms. Tobacco plants are regene|rated from traosforaed cells 
as described in Exawple 6, and entered into breeding programs. Fields of 
regenerated plants and their insectlcldsl protein-containing decendants 
«r« resistant to Infestation by larve of insects such as tobacco horowom 
by virtue of the toxic effect such larvae experience when eating tissue 
frotn such plants. 
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pSZ102 it, A. Jorgengoa «t at. (1979) Ifol. gea. Seaet. l77i6W2>. 

« ColEl plasaid carrying s copy of the traneposon t»5, was dlgestetj with 
BaaK I and Bi ndlll, mlxeiJ with pBR322 previously linear Iged with th« saae 
two enxymeg, ligated, and ttsnsforaed into K802, Plaanddi, isolated froa 
traaaformants selected for resistance to both ampielllin and kanamyciw 
««r« restcictloo tsapped and one having the structure shown in Fig., 3 was 
labeled pKS-4. 



Exaaple 3 

Thls^ example teaches another asethod ol inserting an expresathle gene 
for the B. Uhuringlenaia Inaectlcidal protein into a plant genoioe, llie 
shuttle vector 1« sixsllar to that used by C. t. Flak (1982) M.S. thesis » 
Onlverslty of Wisconsin-Msdison, to put the nos gene into as octopine Ti 
plasniid. 1x1 the present Invention, the protein coding sequences for t>o«_ 
are removed «od replaced with an Inaecticldal gene before insertion into 
the Ti plasaiid. The eventual result Is an octoplne-type Ti plaamid 
carrying an insecticide gene expressible i» plant cells under control of a 
nopaline synthase promoter. I 

3'1 Moving the nos gene Into Ml 3m p7 

pCfU (Pink, sugra) was digested with rellgated to itself, and , 

traasforned hack Into K802. Plasotd OSA isolated from aiBplcllllB-resls- 
taat traasfonaants was analyzed with restriction ensyoes. A plasmld 
having a single Xhol site within its Ti plsstai d-de rived ONA sequences waa 
designated; pCF44A. The single Xhol site was the result of the deletion of 
a DSA fragmeot between the two pcm Xhol sites* Oeletioa of this Xhol 
fragment resulted in the complete removal of two iTiconvenieot Clal sites* 

pCF44A was digested with H tod III and BamHI, mixed with and ligated 
to pBR322 which had heen digested with the same two testrlctloo engymes 
and transforioed Into K602. AmplcilliEi resistant trausf ormstjts were selec- 
ted and screened by restriction enzyme analysis of plasndd MA and a 
coloay was identified which contained a aqs gene-contalalag plasmtd, 
labeled pNS5. 
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pNSS w«s digft«t«4 with Bell «nd B«aB I «o<l was odxed with and lig«t«d 
CO « doohle^stranded eircu3.«e teplic»tive font (SF) of the 8lRgI«o$tr«odedl 
D8A vector ISStppT which h«d been linearited with BaaS I, After tr««8for«a- 
tlon ot the mixture loto JM103 end selection of white plaques, two 
colotties were identified by restriction mapping after Isolation, destg~ 
iteted HlS'l and MiS-Sj, cootaioed the sense and aatlsense strands, respec- 
tively, Whea |1» eiogle -stranded forw. 

3.2 Placefent of an Scol site behind the nos proaoter 
An oligonucleotide prloer having the sequence 

5»AGTCtCAtACTCACTCTCAATCCAAATAATCT6Ca!LTOGAT3» was synthesieed ae described 
In Example 10. 1. This oligonacleotide was changed at the underlined base 
frost the naturally occurring sequence at the 5 '-end of the nos^ structural 
gene* The change resulted la the int redact 1 on : of an Scol site, 
5'...C*CATGC..,3», at the ATG cranslatlonal stirt of the t» os gene. The 
ollgottttcleotide was hybridised to circular single-stranded H13-3 DHA iso- 
lated from virions which had been sediiaented out of culture aedlum. The 
oligonucleotide t^il 3-3 ii^brid was Incubated with OHA ligase and the Klenow 
fragment of E_. coli DNA polynierase 1, covalently closed clrcolar 0KA 
(cccDM) was I enriched, and the mlxtore was transforoed into JM103, The 
virions produced by transf onnants were Isolated and used to infect cells 
at a low tnultlpllclty of infection. HF DNA was isolated from a number of 
these infected colonies and characterized by restriction mapping. Clones 
derived frow the mtant oligonucleotide-prinied strand were identified by 
the presence of a single Scol site, which allowed thea to be line&riaed by 
that en«yae« The tiwtated clones were further Characterized to localise 
the Kcol site by digestion with Clal, Basriil (tb identify Itnearisted 
Molecules), and C laX together with Scol > The nutated Mi 3-3 vector was 
labeled Hl3-3A/B18a. 

3.3 Hovlne the insecticide gene into Mi3ttp8 

pl23/58-10 DSa (ExaiBple 1. 1) was digested with EcoRI and mixed with 
end llgated to ScoR I-lineartaed M13iop8 RF D8A. After transf ormstloo of 
the mixture into JH103 and selection of white plaques, two colonies haviog 
the insecticide gene-carrying fragtoent inserted in opposite orientaeioas, 
were Identified by restriction mapping. They w«re labeled iSBTl4 sod t®T3 
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a«d respectively the »e««« and .ntUenw »tw««« 1« ttngU 

Btraaded fora* 

3,4 Pi>..^t.t of «it« *t the it»»«ctleide «eoe tr>t>U«tio»» »t«rt 

A» oUgonueleotide ptl«er twyiog the 8e«i»ietie« 
5'SA<WTWMXgO!GGAIAACAAT3' is »ynthe»Ued «. pe«ci:ibed ic Exe«ple 10.1. 
ThU oUgoaudeotide 1» ch«flg*d *t the two «i>derU«e«l has** £ro« the 
«at«r«Uy ocwrring sequence at the 5'~et.d of the l«eectlctde 8tr«cta«l 
gene. The change resoltn ie the i«tr<^uction of e« Nwl site, 
5»,,.C*CATGa...3*, at the ATG translatiooal start of the insecticide 
gele. TheUugor,«cleotl<ie Is hybridised to circular »ingl«-s trended MBX3 
DNA isolated from virions which had been sedlaented w»t of ealtttre 
oediom. The oligonucleotide ;MBT3 hybrid la incubated with DSi Ugaae sad 
the Kle«o« ftegn>ent of coltDSA polymerase U» cccDHA I* enriched, and 
the mixture la tramf or»ed lato JH103. The yirloaa produced by the traaa- 
foroaata at« Isolated and used to lafect cells at a lew wtUtpUdty of 
iafectloa. KF OM. la Isolated from a nwher of these infected colonies 
«t»d characterized by restriction «»applng. Clones derli«»d fro« the «ttt«at 
ollgonuclLtlde-priiDed straad are Ideatlfled by the presence of a single 
Scol site which allows the* to be Uaearlsed by that «n«y«e. The ««t«ted 
cloae is farther characterUed hy restriction eosytse analysis aad the 
presence of the «utaat sequence Is coafir»6d by senaeoclng* The plesaid 
havlag the desired hequeoce la labeled MBT3^Scb). 

3.5 Assembly of a plant expressible Insect icide gene la a shuttle vector, 

Scol- and Hindlll-dlgested MST3(]Jco) ar ONA is alxed with and 
Ugated to a lltj^ter, syntheslaed as described la Sxa»ple ll.l, havlag the 
following structwreJ 

Hlndlll-ead Bag« l 

"Tasctgactaact^F 

3PxfeiiIXSATCCtAC5' 

This linker eacodes stop codons (uaderllned) ia all three readlag phases, 
and Is eaded by a functloael Ba^I site aad a HlndlXI compatible sticky- 
eod lac^ehle of reeoastructiag a HlSdUl site. The insecticide gene- 
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bearlDg tiVk frtgtwnt i« then trlnned iQr 4igfistl«ii nith Seol »x>i «ad 
1« isolated «g«co8e gel electro()hoT«sli * 

pKSill-H (Fi»lt, wpT») U • pU««l<l having « t»c« gene Insercei in 
TnJ 0>a <froaipKS-4) which ha« « fuectlonai Jyw gsna, which is itself 
iwserted in the T-DSA of pKSlU. pKSUi-S is U«eari«ed with Sat 1 1 and 
digested to coa^letloo with BaaJ lX . M3-*3A/Bl8a la digested »ith Hegl and 
Satll and the Sat I I / See I promoter fragment Is isolated by agarose gel 
sleet roi»hores is. The Sstl l/Neo l promoter and KcoX/ B e ggi l gene ftagraetits 
sre mixed with and ligated td the pKSlU-S Sstll/Bsj^I reaction pro- 
ducts* The ligation mixture Is then transformed l«to ^» coH X802» Plss- 
alda isolated from traasf ormante resistant to kanatoycln and tetracycline 
are subjected^ to resttletion enayioe analysis and colonies harhortng plas- 
nids identical to pKSIU-iet except for repl«ce»eflt of « 5'-portlon of the 
00 8 gene with an insecticide structural gene are Identified. Such a plas- 
iBld is designated pKSlU-SpSt. 

3. 6 Insertion Into Tlf plaanids. plant lofeetien and r ej ^ja em^^ 

coll Kg02(pKSni-l^Bt) is mated »ith tumefaelens as described 
in Exswple 9. The Agtohaeterta« strains chosen harbor tVe plasnlds, based 
on pTil5$55, containing nutatio»«» such as those described in the 
Background, which facilitate regeneration. Homologous tecousblnsots are 
selected as described In Exataple 9 and characterised by restriction 
mapping. The efficacy of the canstructioo is qulclcly tested by infection 
of sunflower steas. The resulting galls are assayed by ELISA and Western 
blots as described in Example 7 and by bloassay as described in 
Example 8. As described In Example 6, the A^robac t e r io m strains are used 
to Infect tobacco cells which are then regenerated. The resaltlog plants 
are used as breeding stocTc to be crossed with Various com»erclal varieties 
for which insect resistance properties are desired. Regenerated plants 
and fields of their Insectlcidal protein-containing decendsnts are resis- 
tant to infestation Ijy larv« of Insects such as toabcco borawons by virtue 
of the toxic! effect such lerve experience when eating tissue from such 
plants . 
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This exanipl* teache* «»other method of Inserting ao exprestlble gene 
for the 3, thijrtngiCTsts ^ itjaeetlcidsl |>rotett> into a plant geuoioe. the 
strategy is similar to that deacribed in Exaaple 3 but differs lo that a 
plaot promoter Is used Instead of a T-OHA {uromoter* The plant geita pro- 
viding the ptoBotet Is phaseollt>» which has been shown to be active In 
«p«cles other than its eource* the heaa Phaaeolua valgarls 1. 

4«i Mnvlog the phaaeoiiq , gen e ttito Ml3iap7 

BanRI liofcers, having the sequence 5'C0AJCC3', are annealed to fonn 
dotthle-atranded etrttctures^ aad blunt-end 11 gated to form coneataaera. 
These concatamera are partially digested with Banffl ll to expose 5*SATC...3' 
Btlcky-ends, which are compatible with stlcVy-ends generated by the 
efiaytaes BsaHI, Bell , Eg III, ffo ol, Sau3 AI, and ^O^oI I <5 'GATC. , .3') A 
Charon 2*A phage clone of phaseolin, 177.4 <S. M. Sun ^ al. (1981) Nature 
289 {37-61, J. L. Sllghtora et^ 8l_, (1983) Proc. ;Natl. Acad. Scl. USA 
8£: 1597-1901, also designated AG-PV?hl77.4) tj^ digested with Bglll and 
Bat^I, mixed with and ligated to the concatenated linkers, and completely 
digested with Ba igtl to trim the linkers and expose the Barf tl sticky-ends, 
a 3.8 kbp f3;ragi]>ent containing the phsseolin gene and 5'- and 3'-f lanklng 
sequences is Isolated by agarose gel electrophoresis followed bf elu- 
tloo* mils fragment has BanH I sites at either end as the BataB I /Bgll X 
linkage site is not susceptible to the action of either enzyme. The 
3.8 kbp B g l ll/ B ai ffl l fragment can also be obtained from p8.8, a pBR322~ 
based sobclooe of 177.4, 

The 3.8 kbp fragaent is mixed with and ligated to B ata H X-lltiearlzed 
HlStap? SF. After transformation of the taixture into JM103 and selection 
of white plaq«es, two colonies are selected after characterization by 
restriction and hybridisation analysis of RFs and phage DSA. The viral 
foras of H13-3.8A and ifl3-3.8S are respectively found to be carrying the 
antl sense and sense strands of the phaseolln gene* 

^^^4. 2 ' P l &c e m ent ^^^ of an ^^ Ncol site behind the ^ phAseglin ^ ^ proyoter 

^sseolns DM of M13-3.8A has an K eol site about 450 bp upstream 
from the phaseolln transcriptional start* The presence of this site will 
be inconvenient when on wishes to cleave the plasmld at the Meol to be 
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Ifjtroauctd «t the pha»6ollfl traasUtloft*! start. S«ol«tei Rf BM 

ii Une«ri«d; with Ncol «n4 the 5'-pmtudlng end* are £ilJ«d in by the 
action of the Klenow fr«gi«»t ef E,. coU DHA |>©ly«eta8e I. After bluet- 
eod ligation and tranaf on»atioB Into JifiOS, RF BSAa are laolated ai>4 
chatactfiri*ed by restriction mapping. A colony: is choaeo which harbors « 
vector, labeled m3-3,8Ac, which u lacking the .Ncol aite of the ?haseol»s 
0SA but is otherwise unchanged frots Mi3-3,8A. 

Aa oligonucleotide priaer having the sequence 
5»ATACrACrCXACCATGOTGASAGCAAGGG3» la ayt,thesi«e4 «a described in 
Example 10,1. This oligonucleotide la cha««ed at the underlined bases 
from the naturally occurring aequeoce at the 5 '-end of the phaseoUn 
gene. The oligonucleotide ia hybridized to circular aingle-atraoded 
Ml 3-3. SAC DSA isolated fro» virions Vblch had b4e« eedi««e«ted out of cul- 
ture medlua. The oligonucleotide :W3-3.8Ac hybrid is incubated with OKA 
Ugaae and the KIeno« f ragaent of E. coU DNA polyiaeraae 1, cccOHA Is 
enriched, and _ the fixture U tra«8for««d into JHi03. The virions produced 
by tranaf ori»anC8 are isolated and used to infect cells at a low wilti- 
Plicity of infection, RF t>m is iaolated fro« a number of these Infected 
colonies and chsracterl.ed by restriction n>apping. Clones derived from 
the mutant oligonucleotide-primed atrand are identified by the presence of 
a novel Ifcol site positioned at the 5Wnd of the coding sequence. The 
««tated clones are further characterized to localise the Ncol aite by 
digestion with Clal and Clal together with Ncol. The ««tated Mi3-3.SAc 
vector la labeled Mi3-3.8Aa. 

— of a HindlH site at the 3>-^n^ .i.. phaseolin 

To conveniently introduce, the insecticide gene into the phaseoUn 
gene, two additional changes mtst fee made to that phaseolln gene. The 
first change involves addition of modlll site (5'...A*AGCTT...3«) 5. to 
the polyad^nyUtion siCe and near the 3'^nd of the phaseolln gene. The 
other importent change Involves placing translational stop codons {e.g. 
TAA, TAG, or ISA, underlined below) in ail three reading fr.n,es. When the 
Oligonucleotide 5'AGGGTGCATTTeAAGCTTGAATMGTAAGAACTAAAATGC3' (a) is com- 
pared With the 3'-end of the phaaeolin gene coding sequence (b). It can be 
seen to have the desired propsrtlea as follows: : 



0142d24 



Not* «X*o tUt thi» 38-«er has o«iy 6 mismatches, thus insuring goa5 
hvbridlzation properties auritrg prtsdng- 

The oligonucleotide 5 'A0G<JTGCAmGMGCTTGMTMGTAAeMCTAAMT0C3 . 
«,.theel.e. as aesc.lbed in Example iOa. 1« ^ hybridized to .l«gU-st.and. 
circular DM purified from virions l»olate4 ceotrlf«g«ti«. of 

culture meai... Th. oligonucleotide :m3-.3.8A» hybrid is l«cuhated with 
DM Ugase^ a.d the Kleoow fragment of E. coU ^ polym««e t. cccDM i« 
enriched, end .He mlxt«^ Is tren.£or»e4 Into The virion, proauced 

by the t««sfor«a»te ere Uoleted and used to i«f«ct cells at a low ^.Iti- 
pliclty of infection. KF t>M U isolated £,|o« a n««her of the infect.d 
coloniea et,d charecterUed hy restriction en.yme e«alysia. Clones derived 
fro« the «.tai,t oUgonacleotide-prl»ed atrand are identified by the 
preset.ce 6f a Bindni alt. »ai>plng *t the 3«-eod of the phaseolln gene, 
end the presence of mtent ae,uence. at both epds of the structural gene 
is confirmed hy aequencing. A vector containing the deaired sequences la 
labeled Hl3-3.&Ab. | 

4>4 losecting tha insecticide ggoe 

MBT3(Nco) ^ AigeBtei with KcoJ and 5^2-^111 is 

and ligated to Bfi?" and ftlndtll-dlgested mS-S.SAb DM. The mixture 1« 
transformed into K802 and plas»id DM f rom Vanamycit. a«d/or tetracycline 
resistant traasformants Is Isolated and characterized bf reatrtction 
enzyme analysis. A pla»«ld having the ins^ticide structural gene inser- 
ted between the phaaeolin promoter and polyedenylatlon site la labeled 
Ml3-PpBt, and a colony harboring it la chosen. 

phaseoUn..K^-ne jpto a shuttle vector 
pKSlil-K (Fink, suEia) has the t«5 Han from pKS~4 inserted 

between the Hlnaill sites of pKSlU T-DMi Hl3.?pU/RF om is digested 
with Ba^l and mixed with and ligated to |a#l-lln»arl«ed pKSlU-K (Fink, 
sugra). Flasmlds from K802 transformants resistant to kanamycio and/or 
tetracycline are isolated and characterUed by restriction mapping. A 
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colony 1» ««l«ct«d irtiiclj harbori i pUsmid, l«l>el6d pKSHl-PpSt, which 
coRttioi th« ph«i«6lia proaot«r/lo««ettcide •ttuctura gen«/poly«4et!yX«- 
tion «it« co»bl»»tion vhicH, togathtr with « V»m geo«, U surrouftded Ijy 
octopl»« 

In»grtton into TIP plMwtdB. plMt iafoction an^ regeoagattoB 

«£M. K802{pKSlil-Pp»t) £« aated with A., taaiegaeteng «s described 
i« Example 9. The Agtobaetsrtum strains chosea harkor TI? pUsmld*, h&a^d 
m pTil5955, containing nutations, sueh «9 those deactlbed in the 
Backgrownd, which facilitate regeneration. Homologous recombtnante are 
selected as deecrlbed in Exaisple 9 and characterized by reatciction 
aapplDg, The efficacy of the conetructlon is quickly tested by tttfectlon 
of sunflower «t«!i». The restslttng galla are essayed by ELISA and Western 
blots «8 deectlbed in Example 7 a»d by bloassay as described in 
Example 8. As described io Example 6, the Agrobacterluai gtraina ere used 
to infect tobacco cells which are then regenerated. The resulting plants 
mre used as breeding stock to be crossed with various co«oerciAl varieties 
for which insect resistance properties are desired. Fields of regenerated 
plants and their iosectlcidel protein-contalniog descendants are resistant 
to infeetstlen by lerve of insects such as tobacco bornwor* by virtue of 
the toxic effect such Isrve experience when eating tissue fro» such 
plants. 



Segeoeratioo in this Example involves carrot tuiaors incltad by Ri- 
bssed TIP plasmids and Is effected essentially as described by M.-O. 
Chiltoo et_ el. (1982) Nature 2S5_j432-«34. 

i ■ ■ 

.J'}_ Infection with hairy root' 

Carrot disks are inoculated with about 10« becterla la d.ltiil of 
water. One to i. 5 cm segments of the ends of ^he root* obtained are cot 
off, placed on solid {l«1.5X agar) Jfonier medluk lacking horaones (0. A. 
Tapfer 4 J. C. Tetsfe (1981) Cr. hebd. Scene. Acad. Scl., feris 295'. 1 53- 
156). and grow« at 2S C to 27 C la the dark. Coltures uncontamlnated by 
bacteria are itransf erred e>rery 2 to 3 weeks end ate subcultured to Monler 
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taediuts Ucklng horaooes saA agar. Transfonae^ roots can be f6cog«i«ed l>y 
fchelr aberr«ot »»ri»hology *tti selected. 

5 . 2 Kegeoeratlon p£ toots to pXagte 

nut cultured root tt»Bue described to Exsnjple 5.1 la placed on 
solidified; iO.BX agar) Monier teediuta suppleiaented with 0.36yM 2,4-0 and 
0.72jiM Uluetirt. After 4 weeks, the resulting callus tissue Is placed In 
liquid Ifonier taedium lacking horaone*. JEkiring incubation &t 22 to 25*C on 
8 shelcer (150 r.p.ai.) for one aonth, the callus disassociates toto a sus- 
peosloo culture froa which eabryos differentiate, which, when placed In 
Petri dlshee containing ffanier taedlum lacking hortBOtte, develop loto plant- 
lets. These plant lets are grown lo culture, end after ■"hardetilng" by 
exposure to ataoepheres of progressively deeressisg humidity, are traos- 
J erred to^eolX lo either a greeohoaee or field plot. 

5*3 Use of noft-'hairy root vectors 

Tl~haBed vectors which do not have functional tmr genes are used 
Instead of the Sl-based vectors as described by T, C. Hall et al^., 
applications, ser. nos* 485,613 and 485,614. Construction of suitable 
otutatjts can be done by those skilled la the art, and Is reviewed lo the 
Background. 



Sxaaple 6 



tobacco tumors incited hy a 



Kageneration in this Example Involves j i 
Ti-b«sed TIP plasmld end Is effected essentially as described by K. A. 
Barton et. el. <i983> Cell 32:1033-1043. 

^^^ 6.1^ Infeetloo wlth ^^^ c r own ^^^^ ^al l 

Tobacco tissue is trsosfonaed using an approach otillKlng inverted 
stea segaents first described by A. C. Brsuo (1956) Csnc. Res. 26.553-56. 
Ste«S ere surface sterilized with a solution chat was 7% coiasaerciai 
ChloroK and BOX etbanol, rinsed with eterlle disttHed water, cut Into 1cm 
segments, placed basaX end up in Petri dishes contaitslug agar-fiolldif ied 
m medlua (T. Sfiirashige & F. Skoog (1962> Fhysiol. Plant. j^:473-W> 
lacking hormones. Inoculation is effected by puncturing the cut basal 
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turf»ce o£ the stes vith « tftittgi tteedU a«d Itijectiog bacteria. Staias 
•r« cultured at 2S*C with 16 hours of light per day. the ealli which 
develop are renoved iron the upper aurface of the steta segnsnta, are 
placed on aoHdified »6 taediuo containing 0.2 »g/ml carbenlcillin and 
lacking horoones, are transferred to fresh tS-carheolcilllt* aedlua three 
tiuses at Intervals of about s aionth, and are testea £o ascertain whether 
the culttirea had been ridden of bacteria. The axesic tissues are main- 
tained on solidified HS roedia lacking aupplessents under the culture con- 
ditions (25'CJ 16 hr.sS hr. light :dark) described above. 

, 6,2 Coltur e o£ t r a c e foryed tisau e, 

Clones are obtained frcis the traosforaed <»xenlc tissues as described 
by A. Binns & Kaios <19?9) PlatJta l<!5s365-36>. CalU ate converted 
into suspeoalons of cells by culturltig io liquid HS hsvlog 0.02 atg/l 
naphtaiene acetic acid <«AA) at 25*C for 2 or 3 days while being shaken at 
13S r.p.a., and filtering in turn through 543 and 213}iib stainless steel 
aeshes. The passed filtrate io concentrated, plated in Stal of MS taedlum 
containing 0.5Z melted agar, 2.0 ag/l K&A, 0,3 ssg/l klnetio and 0.4 g/l 
ISLfco yeast extract at a density of shoot 8 x 10^ cella/ml. Colonies 
reaching a diameter of about Ixm ere plcVed by scalpel point, placed onto 
and growo on solidified hSS medium having 2.0 mg/1 NAA, 0,3 mg/l klnetin 
and shoat 15^;g/iBl S-CZ-aminoethyD-L-cysteine (AEC). (A range of concen- 
trations of AEC» between shout 2ng/ffil and about 30vg/ial, is tried as the 
exact concentration effective for selection will depend on the variety of 
tobacco used and the growth conditions to whlch^ the source plant and 
tissues derived from It are subjected.) ASC hsis been shown to be an agent 
capable of selecting tissue contatolng octoploe synthase (fi. A. Ihhl & 
J* Te»pS (1983) Theor. Appl. Genet., in press) • Alternatively, the fil- 
trate Is plated at low density (several hundred cells per ml) on a filter 
paper overlaying a feeder layer of tobacco cells growing on the solidified 
fS/NAA/kloeclu /yeast extract tnedlum. When Imm colonies have formed the 
en Eire filter paper is transferred to a petri dish containing the solidi- 
fied MS/MA/kinetit)/AEC tsediuw. The reaulting calli which do not show the 
effects of fiM toxicity ate selected, split Into pieces, and tested for 
other transfonoed phenotypes such as production of octopine and hormone 
independent growth. 
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Trafi«fer«d close* »re placed onto solidified «S isedlaa t»»ving 0.3 
mg/l ki«etl8, and cultured a« deecribed in Sxaople 6.U the shoot* which 
for® «« rooted Ijy putting them oil « solid (1 .0% agar) oedi«« containing 
ino strength MS meditt« ealt«» 0.4 «g/i thiamine, lacking sucrose end 
honsosea, and having » |<H of 7.0, Rooted plsntlets are grown In culture, 
hardened aa deacrited in Exaople 5.2, and are traoslerred to soil In 
either a greenhtmse or field plot. Plants a^e screened for retenslon of 
Che transformed pheootype aethods, well known to those skilled la the ert, 
such as Soathern, Northern and dot blots with appropriate probes, octopltte 
assays, Imaiunologlcal (see Example 7) or biological (Example 8) assays for 
presence of crystal protein. 

6 « 4 Veetora used 

Conatnictioos described by T. C. Hall et al., US application ser. 
noa. 485,613 and 485»6I« ere suitable Ti -based vector* lacking functional 
tar genes. I^e oethod described in Example 6.1 for infection of inverted 
stent aegwents is often useful for the establishment of TlP-transf oraed 
plant cell lines. 



ExsLsiple 7 

Anti-lnaecticldal protein antibody was produced by oethods well 
known to those skilled in the art of ijamuoology. "Uestero" Uots, to 
detect antigens after SiS-polyaccylamide gel electrophoresis, were done 
essentially m described by R. P. Legockl «,;». P. S. Vertaa (1981) Analyt. 
Slochem IU;385'392. ! 

Mlcro-ELISA (enzyae-linked iraiauno-sprbatit assay) assays are done 
using lusauloo-Z type plates having 96 wells by the following steps J 

^ _ 7 .1^ Binding antibody to plates 

On day I, the wells are coated with 1:1000 dilation of antibody 
(rabbit eoti-insectlcidal protein IgG) In coating buffer. 200yl/well is 
Incubated at 37»C for 2-4 hours. The plates are covered «lth $8ran Wrap 
during this incubation. Afterwards the plates are rinsed three times with 
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pho8|>h8te tmffered saline-Tweet) (PBS-Tween> allowing a 5 mloute waltitig 
period between eacti time step. Then II bortne seras albusiii (BSA) l» 
miini to rinse «nd, after sddltton to the well,. Uft to stt for 20 siinutes 
betottt di«c«rdlng. Rlnstag i« repeated five ttiaes more with PBS-'hreet>. 

, 7 ,*I, Tjgff f S 

The tlsatie is sliced up into eflsall plecea and then hontogenized with 
a polytroa ualng Igm of tlasue/aa phosphate baffered «aline-TweeD-2X poly- 
vlnyl pyrrolido«e-40 (PSS-Tween-2X FVP-40). All saaplea are kept on ice 
before at»d after grinding and staodard curves were obtained. One atendard 
curve 1« do«e In tissue honogeostee end one etaadard curve is also doae in 
buffer to check the recovery of insecticidal protele from homogetjlzed 
tlsfiue or celle. Following centrifugstioo of the hoaogenieed eataples, 
lOOul of each sample is placed in a well end left overnight at 4*C. To 
avoid errors, duplicates of each s&aple are done. The plate* are sealed 
during Incubation. 

, „7 *1 , Binding enzyme 

After tbe overnigbt Incobation, the etitigetj is discarded and the 
wells ate washed five times with PBS-Tween allowing 5 minutes between each 
rlttae • 

A conj«gate (rabbit anti-lnsecticldal protein IgG alkaline phospha- 
taae-ltoked) is the dilated 1:3000 in FBS-Tweenkx PV? contaioing 0.2JE BSA 
and 150 la added to each well; followed by incubation for 3-6 hours at 
37 'C. After the incubation, the conjugate is discarded aod the wells are 
rinsed five tWs with PBS-Tween, allowing five minutes between each rinse 
«8, before. 

7»4 Assay 

launediately before ninnlng the assay, a 5mg tablet of p~nltrophenyl 
phosphate (obtained from Sigoa and stored frosen in the dsrk) Is added per 
lOiBl substrate and vortexed until the tablet is dissolved. 200ul of the 
room temperature solution is quickly added to each well. The reaction is 
measured at various tlaies, e.g. t-0, 10» 20, 40, 60, 90 and 120 minutes, 
using a l^fiatecb Hicro-ELISA reader. When p-nitrophenyl phosphate, which 
is colorleee, is hydrolysed by alkslioe phosphatase to inorganic phosphate 
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and p-nitrophenol» tbe latter cowpouod gives th« soltttioo e yellow color, 
which cm be spectrophototoetrlcally read at 410b»* 

! • 

Exampla B 

lB8«!et« were obtained from coaa«erclal sources aitd kept essentially 
as d8«crli»ed by A. Bell «> G. JoBchio, (197S) Ann. Etttoaol. Soc» Atser. 
6953&5-373, or R. T. "femamoto (1969) J. Econ. Entomol. 62^:1427-1431 . 
Bioas&ays for Insecticldal protein were done fcy feeding extracts to Isrve 
ot tenduca sexta essentially as dfiscribed J, H. Scbesser et. si. (1977) 
Appl. Environ. Microbiol. 33:878-880. 

Example ^ 9 

Trlparental matiogs were generally accqisplisheet aa described belowj 
other variations k»o»« to those skilled In the art are also acceptable. 
E. coli KS03i(pItK290"baeed shuttle vector) was mated with coll£pSIC20l3> 
and a TI? plasiaid harboring A. tumefaeiens atraio resiscaat to strepto- 
mycin. The pKK20l3 transferred to the shuttle vector carrying strain and 
aoblll»ed the ahuttle vector for transfer to the A grobacterAtt m. Growth on 
a wedittB containing both streptooycin and the drug to which the shuttle 
vector is resistant, often either kanamycin or cbloratBphenlcol, resulted 
in the selection of A^robacterluia cells contalttlng shuttle vector 
sequences . A mating of these cells with E. coXt(pPHUl) resulted in the 
ttsnsfer of pPHUl to the Asrobacteriuta cells ♦ pFHUl and pRK290-bssed 
shuttle vectors cannot coexist for long in tV^e satae cell. Growth on gen- 
taiaycin. to which pPHUI carries a resistance gene, resulted In selection 
of cells having lost the pSK290 sequences. The only cells reststsot to 
strepto«syclo» gentaorfcio, and kanajsycin are those *flilch have Ti plasaids 
that have undergone double^homologous recoablnation with the shuttle 
vector and now carry the desired const ruction- pSK290 and pl{K2pi3 were 
disclosed by 0. I&tta et ai. <19S0) Prbc, Satl. Acad. Sci. USA 77,: 7347- 
7357, and p?aUl by ^. K. Kirsh (1978) Thest4, Univ. E. Anglta. 
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Exa«^>l« 10 

This £xattpi« describe* teehn^ues fox the synthesis sod use ot syo- 
thetle oil gotiticl«ot ides * Other useful refstenees csfi be tmxti Id the list 
ai works cited in the sectioD l«tcoductory to these Examples* 

i 

}5jL OllgQ»"g^feot^de synthesis 

the techniques for chcoic&l eynthesie of IKA frsgnents used in these 
Exaoplee utilise a number of techniques well Vnown to those sklllecj in the 
art of INA synthesis* The raodif Ication of nucleosides is described by H. 
Schellor et. al.» (1963) J. Aner. Che». Soc. 85:3820, &»d R. Buchl & H. C. 
Khoxsne {1S65); J. Aoer. Che« Soc. jBJ}2990. *Ehe preparation of deoxy- 
nucleoside phosphoraaldltes is described by S. L. Beauea^e & H. H* 
Caruthers (1981) Tetrahedron Lett. 22:1859. Freparatlon of solid phase 
tesln is described by S* ^* Adams et,al,. {1983} : J* Aner. Chem* Soc* 
Hybrldlaation procedures useful during the fomatlon of douhle'-strasded 
synthetic llokers are described by J. J. Rossi et,al. (1982) J. Biol. 
Cheo, 2S7:U07;0. 

^1 0 ^y 2 I se for eligoTiueleotldes 

Use of synthetic oligonucleotides to reconstruct « deleted segment 
of a gene has been exessplifled by Rail et US application ser. no. 

485,614. Use of synthetic oligonucleotides to link otherwise ineompathle 
restriction site atickey-etids has been exemplified by Hall et_ al_., DS 
applieatloo ser. no. 485^614 snd is well known to those skilled in the art 
of recombinant OSK manipulations. 

10 ..3 pll8o«aeleotlde-a.rected tfatagenesljB 

General tuethods of directed mtagenesis have been reviewed recently 
by 0. Shortle et al. (1981) Ann. Rev. Genet. J^: 26 5-294. Of special 
utility In raanipulatioo of genes is oligonucleotlde-directed site-specific 
ffiutagenesifi, reviewed recently by M, J. Zoller & M. Smith (1983) Meth. 
EnzyjBol. 100; 4 68-500 and M. Smith & S. Gillam (1981) in Gene tic 
Engineerin g; Fclncl pals and Hethods , Vol. 3_, eds.; J. K. Setlow & 
A. Hollaender» and M. Smith (1982) Trends in Biochem. 7_=^^0-*^2. This 
technique permits the change of one or more base pairs in a sequence 
or the introduction of saall Insertions or deietions. Eecenc examples of 
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of oligotjucleotide-dlreeted wtageoesis iofcltia« M. J. Zoller i 
M. S«lti» (1§83) sugra. H. J. Zoller & H. Saltb (1982) Huclelc Aci48 Ses. 
^j6487-6S00, C. femaie-McFarW et al.. (1982) Proc. K«tl. Ac*d. Sci, 
«SA 21:6409-64X3. G. F. K. Siiaotis et al. {1982) Suclelc Acids Re». i0j82l- 
832. *od C'A. H«tchUo« III a1. <1978) J. Biol. Che«. ^!6551-65W. 
Ofiefttl m3-b*8«d vector* (e.g. »«B2344> h*v6 been reported by W. M. Barnes 
eial. (1983) tfeth. Bo«ymol. i0is98-l22» ao4 W. M« Barnes & M. Bevan 
(1983) Nucleic Acid8 Ke«. 1Ij3«~368. 

The sequence to be iwwJlfied o8u«lly tfi aoved into a single-sttanded 
twcterlopfeage vector, here one derived from M13, by standard tecbniques 
well known .to those in the art. The vector IHA Is generally in the 
double-Btranded tepllcetlve fora (RF>, as tbe single-sttanded viral fora 
cannot ordltiartly be "cot and spliced" by restriction ensynes »od 
Ugases. After in vitro ligation of the fregwent into the 8.F, trsnsforma- 
tioo into a suitable host, and production single-stranded ISA (ssflSA) as 
part of the life cycle of the vector. ssSKA Is isolated from phage par- 
ticles and hybridized to an oligonucleotide having sufficient length and 
sequence homology to hybridise to the vector lt> the appropriate loca- 
tion. The oligonucleotide should have the sequence desired as an end 
product and otherwise differ la no way fro« the sequence to be changed. 
Once a hybrid is fonaed comprising a selKA circle haae paired to the 
oligonucletlde carrying the mutant sequence, the oligonucleotide primes 
ayathesis of a coapleBientary strand of mk by Che JCleoow fragment of 

cpli ^ polytoeraae I, a polyoersse lacking s 5»-to-3* exonuclease 
activity. The vector is optionally Incubated with MA llgaae and the 
polytaerase and llgase reactions aay be done slimiltaneously • Preferen- 
tially covslently closed-circtilar double-stranded Uik (cccIlSA) wolecules 
can be selected before transformation by techniques which Include alkaline 
sucrose gradient centrifugation, extraction with phenol under alkaline 
conditions, and incubation with SI nuclease. The vector can now be trans- 
formed into an appropriate bacterial host cell. Virus particles frois this 
Initial infection are isolated and used to form plaques by infecting a 
lawn of bacteria. In cases Where one Is changing a restriction sice, one 
may readily screen KFs \^ restriction enzyme analysis . One m&j also 
screen \/y hyhrldtaatlon under carefully selected conditions using the 
eynthetlc, matant oligonucleotide primer as" a probe, or by USA sequen- 
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clwg. Mhea « clone <coratalol fig the desired change has beeo Isolated, one 
Bsy natiipuUte the now tmitanc 1H& «8 detlred osing tecHfti<taes well knout) 
to tho8« skilled in the «rt* 

ExaapU Hi Construction j transfdm'atfoh and exfif&ssto'n o't in's'ecifci'de gene 

To reconstruct a cwnpUte protoxin gene, flanking mk restriction sites 
were Identified h^f Soythern blots of restriction digests » a well-known 
technique", and . overUpptng clones were selected from a Psti library wade from 
50 MO fj1aia»id-enriched OKA. The 5'- and 3*-ends of the protoxio gene were 
then fused together at the unique fifrid lll site to form a ccmpUte protoxin 
Seae, as will be understood by those in the art, carried by a plasrnid 
designated pSt73-XS. t. cell MB301 (p8t73-16) is m deposit as m^tL B-IS75$. 

pKS^proI was constructed essentially as descrlhed in Example 2.2» 
pKS>proI ONA was digested with Clal, filled in with T4 ONA polymerase', aod 
li gated to 2 B'CGGATCCea* linger, to fons pKS-iroI(8am), pBft32S (F. Bolivar 
{1978) Gene j4tl21r 135) DNA, having been grown Irn, cbli GH48 fH, G. Marinus 
(1973) Molec. Gen. Genet. 127:47.55), was digeste*af wTtOcl' I and » I. 
rcli gated to itself. th8re"5y~fonnlng a plasmid designateFpfeRSaSaBSTIacklng 
^*»^ ^Vl!E^I fragment of p8R325. A 4.2 kbp tcoRl f ragaent of pJCS-prolfSaffl) 
was cloned iuto the €coRI site of pBR325aBB,the?iby forming a plasmidT" 
designated p4038, having the T-OHA of pKS«proT{Bam) transferred from that 
pRK290-ba$ed vector to a pBR325-based vector. 

After p8t73«X6 OHA was digested with Kdel and blont-ended with 14 BKA 
p,o1y»era$e,. The ;blunt-ended Baci llus DHA was mixed with and 11 gated to 
deub1e> stranded. Snai^llnearized. H13mpl9 RF OKA {J, Horrander et al. (1983) 
eenelfiilOI-lOe), fonatng a vector, designated 1,6.4, having a "STeTfap 
BacilTFs DHA oriented such that single-stranded fona was complementary to 
crystal protein mMk (i.e. the jjhage carried the antisense strand). A garaHI 
site was introduced into the Bacillos 0HA iianediately 5'- to the crystaT"** 
protein translational start site essentially as described in Example 10 using 
a .BamHI-site containing oligonucleotide primer to the S*-end tit the 
i^tsecticide structural gene of the sequence 5*SAeATSeAg5AT{fCTTAt€6ATAAC3*, 
resulting in a vector designated i.6.48-3.8.3. The insecticiffaTprotein 
stmctyral gene may be removed from double-stranded l,6.4B-3.8,3 RF DHA on a 
3.75 kbp BamHI fragment. 

p40Wand 1.6.4B-3.8.3 DMAs digested with BamHl were inixed with each 
other and li gated together, forming a plasmid, desfgnated p4038/8TB#3, having 
a fulUlength insecticidal protein structural gene placed between the "l.S" 
prcmoter and polyadenylation site. The orientation of this construction 
results in synthesis Of cyrstal protein-encoding wftHA when transcribed off of 
the 1.6 proffioter. 
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t mi CSOQ tpRK.E03-Kan-lO3-lec), >*hich Is cn deposit as NRRL B-1582U 

^^H^n fifi? ftamUT site The lectin sane Is deleted fron pRK-203-Kan-103- 
Kslmnted pRK-ZOS-KaiirnfJ. pItK-ZOMan-lOS was Introduced <nt»^ 



%o4ild d«°™iten3mTH5nro^ K. tw^Karai cells ha.1»r P«3/IITM3 



structural gene. (The *1,6" seoe corresponds to 0RF24 of Barker et.aT. , 

supra > ) 

NUbtiana Uhkcm var, Xanthi stem segmeats were inoculated with RS-U 
cells essentiany as de ' s crlbed In Example 6. Once free of Inciting bacteria, 
the traiisformed plant tissues are cultured^ single cell . . 

regenerated ^Into normal plants asing methods well known to the art of plant 
tissue culture. 

Tobacco harnwortns fed on transfortaed tobacco callus tissue containing 
the plant expressible full-length insecticidal protein gene were observed to 
display symptoms attibutable to 1. tfturfngfen sis crystal protein toxicity. 

XssRunologicsl "dot" blots analogous to "Western" blots (Example 7) 
Indicated that thurinsiensls crystal protein antigen was present In 
extracts of transformed tissue containing the plant expressible full-lengtH 
losectlcidal protein gene. 



Ia««et« »u»ee]ptm« te B» thurtagtenats ta«eetieid»l prottein 

COLEOPTERA 

FopilXls j«pooica (jap«e«8e beetle) 
Sltofthilufi ^raitarlus (gr««ary weevil,) 

dPTERA 

Aedes aegypcl (yeliow-fever mosquito) 

A. atlanticus > 

A, centans 

A. capsittft 

A, eiaareus 

A* comtBunis 

A. decrltua 

A. dors all* 

A« dupreei 

A. aelsniaon 

A. nigrosaculls (pasture mosquito) 
A, punetor 

A. Bierreftsia (western treehole mosquito) 
A. solliel tans (brown salt marsh mosquito) 
Aedea 8|> » 

A. taeniorhynchos (black aalt narsh mosquito) 
A. tars a lis 
A* tornentor 
A. trlaeriatua 

A. vexa«8 (InlatMl floodwater mosquito) 

AoQisheles cniclans 
A, freeborni 

A. qyadritaacuiatus (cowmon aalaria oosquito) 
A. sergentii 
A, atephensi 
Anopheles 9£. 

Chirooonms plumosus (Chironoiais i tsidges, biting) 
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C. tomi i ■ 
CuX«x «r»fcie«* 
C* iiior»«tft 
C* «ilgrip«l»« 
C. psuf 

C. pipUtM (portl»«rn house wqulto) 

C* qainqu8f«sclstu« <€* pipleo* Satig«t>«i} (souchent hou»t «osi}Qlt^o) 
C. »«tu«t)» 

C. trlt«enior^ynehus 

C. taf«all« (western encephalitis aosqulto) 

C. territane 

C. ttttlvittetus 

Culiseta inclden$ (CuUseta: nosquitos) 
C* it)t»ra«ta 
0L«nes8« sp » 

£l«s &£. (Clxa: widges) 

EuatmaliuiB <Sltattllu») latipe« {Eusiaullttms gnats) 

fioeldiehlrononua holopraaistts 

Hsematobia irrltans (horn fly) 

Htppelatee colluaor 

OdagBsiB ornate 

Pales pavi^a 

Polpomyla sp. (Polpomyia: midges, Mtltig) 
Polypedilum (Polypedilua: otdgee) 
Psorophora ctliata 

P. colostiae (eoaflnoia) {Florida Glades ttiosquito, dark rice field 

ifios<tulto) 

P. f«rox 

Simlluu alcocki (Slauliuia: black files) 
S. argus 

S. cervlcorotttiim 
8* daomoisiim 
S. jeQatngel 
S, piperi 
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S. tuberotutt 

S. onieornututt 

S, vMustom 

S. verecondtt« 

S. vitfcatua ' 

Urftfiotaetslft Ingulculata 

0. lowii 

WyeoBorl* mtehellll <Wyeo«yl*s woiwittitos) 
W. v«»dtt«eei 

Athalla rosae (as coltbrl) 

Sematue (Pterooidea) ribesli {itspon«4 currantwotm) 
Heodiprlan banksianae {jack-pioe aawfly) 
Prlophorus trlstla 

Pristlphora erichsonli (larch ««wfly> 

LBPIXDPTEilA 
Achaea Janata 

Achrola grisella (Xessar wax aoth) 
Achyra rantalla 

Aeleris varisna (black-headecl bodworm) 

Acrobasia «£^. j 

Acrolepls aliieiia 

AcroXeplopaia (Acrolepla) assectella 

Adoxophyes orana (apple leaf roller) 

Aeg«ria <Sa««inoidee) exitiosa (peach tree borer) 

Aglais urtlca« 

Agriopaia <Eran|iis) aurantiaria (Etannia; loop«rs) 
A. (E.) leucophaearla 
A, mrglnarla 

Agrotis ipsilon {as^ypsilofi) (bla«k catworw) 

A, segetum 

Alabama argtllacea (cotton leafwons) 
Alsophlla aeseularia 
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A. pooetaris (fsll csnVerwora) 
AiBor^ia eaalgaita 

Anisota senetorla (orange-Btrlped o«l«wor«) 
A-oocds fXava 

A, (CosmopMla) »«b«llfer« 
Aatbetaea peroyi 

Anticarala gemraatalla (velvetbeati caterpillar) 
Apocheioia (Blston) M«pld»rla 
A. pilosaris (p«<lari») 
Aporia crataegt (black-»einea whitemoth) 
Atcblpa acgyrospiluB (fmtt-tree leaf rolUr) 
A. cerasivoranua (ttgly-aeat caterpillar) 
A. crataegatia 
A. podana 

A. (Cacoecia) ro8»»a 
A. xylosteaua 
Arctia eaja 

Argyrotaenla ©ariatm (gray-banded leaf roller) 
k* veltttlnana (red-bauded leaf roller) 
Aecla (Pierls) woftaate orseia 

Ascotis eeleoatla - 
Atteva aurea (aliaethua webworm) 
AtttograpW califomica (alfalfa looper) 
A. (nuaia) gamm 

A. nigrislgoa 

Autoplusla egens (beat* leaf 8keleto»t«er) 
Azochls gripusslla 
Blssetia steaiella 
Boiabyx aori (atlttworts) 
Brachiooycba sphinx 

BucculatTix tbHrberteila (cotton leaf perforator) 

Bupolua pioiarl«8 (Supolos: looper) 

Cacoeelmorpba pronwbaoa 

Cactobl«8tia cactora» 

Caloptllie (Graclllarla) iovatlabllis 
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C. (C) •yrltigeil* (iliac le«f siuer) 
C. <G.) th«ivora 
C«nephor« sslatl«» 
C«rposla« iiiponen«l« 

Cer«t>t«ryx grawiols 

Citilo auricilius 

C* sacchsriphagus iodicus 

C, suppreesalls {ric« stem borer) 

Chorlstoneuta futtiifer&na (spruce budtfcm) 

C, nurlnsn* {ftr-«hoot roller) 

Chry«odelxl« (Flusia) chalcitea 

Clep8l$ speetrana 

Co«ph«Iocroei| nedinalts 

Coieotechnite* (Recurvaria) oillerl (lodgepole wtiU i«iner> 
C. oanella 

CoUaa euTytheme (alfalfa caterpillar) 
C« lesbia 
Colotola pennaria 

Crambus bonif atellas (fawD'Colored lam moth.^ aod ueWona) 
C. spsrryellus 
Cratabuta app. 
Cryptoblabes ^tiidiella 
Cydia fuoebratja 

C, CGrapholitha) moXasta (oriental fruit woth) 
C, (Uspey testa) pe«et>ella (codling wotb) 
Etetaoa lotegerrltBa (walaut caterpillar) 
0. Bdnistra (yellow-tjecked caterpillar) 
ttendrolimis pltsi 
0* siblrlctts 

ttepressarla raarcalla (a weWona) 

ifesmia funeralis (grape leaf folder) 
aachrysla (Plusis) orichalcea (a sewllooper) 
macrlsia virginlca (yellow woollybear) 
iK.apha«ia (Msrgaronta) itidtca 
0. Bitldali* (plckleworis) 
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aajjh&ra oendica 

iiatraes gtaadiosells (soathwestetfi com borer> 
0. saccSisralls (sugarcaoe borer) 
achoTBeris o»rgloel.l« (juniper webworm) 
ncyiBOOia rufleomiB (as. cliftonla) 

BcyocBBp* ruMcoo<i« 
Earlafi losttlana 

Bctropia (Boaraia) crepuscalarla 
EnnomoH subs Ignatius (elm apanworo) 
Spheatia iCCadra) ca«tella (alioand taoth) 
E. elutella (tobacco moth) 

E. (Atiagasta) kuehniella (Medicerraneao flour »oth) 
Epitiotia tsugana (a skeletOBlaex) 
Epii>hy«8 postvittana 

Eraxjnis defollarla (mottled uaber wotb) 
B. till&ria (linden looper) 
Erlnoysls ello 
Erlogaster henkel 
B, laoestris 

Estigmetie acre* (salt aarsh caterpillar) 
Eubleiana amabiUs 
Buphydryas chalced«t>a 
Eupoeclila aobigaelXa 

Euproctla chryaorrhoea phaeorrhaaa) Cbrowi, tall xaoth) 

E. fratema 

E. pseudocoTispersa 

Eupterote fabla 

Sutroomla (Simaathls) parlana 

Eaxoa messorla (dark-sided catworm) 

Ciallerla «eXlottella (greater »ax raoth) 

Gaatropacba <iu«rcifolla 

Hallsdoca arg«»tat« 

H. caryae (hickory taasock moth) 

Harrtsiua brllUans (western grape skeletotilKer) 

Hedya titiblferaiia (frttlt tree tortrix moth) 
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Seliothis (Helleov«rp«} armlgerc (Heliothls » ChIori4«*) (gran pod l)or«r> 

8* (HO assulta 

ReXiothis p^ltlgera 

R. vlrescen« (tobacco b»dwom) 

H. viripl«cft 

H. eea (cotton bollwortg. com e«rwot«» soybean podtfonit £omato fwitwone, 

aorghum headworm, etc.) 
Bellula undsils (cabbage w«bwor») 
Herpetograisjme phseopteralls 
Keterocaapa guttivitca (saddled proninent) 
H. laanteo (variable oak leaf caterpillar) 
Holcocera pulverea 

Kotaoeosoaa electelXun (sunflower taoth) 
Homons tnagnanins 
Hyloieue piitastrl 
Hypeutyntls cortcopa 
HypbantrU <««ea (fall »ebworn) 
Hypogytana morio 

Itaae {Thaanonoma) vauaria (a apaflwora) 
Juoonia coe«la (buclteye caterpillars) 
Kakivoria flavofasctata 

Kaiferla (Gnoriooscheiisa) lycoperstcella (tomato pinwors) 

Lacanobls (Poiia) oleracea 

UmdlTia athaearia pellticldaria 

t. fiscellsria fiscellarla (healodc looper) 

L. fiseXIarla iugubrosa 

h, fiscellarla sonmiaria 

tewpidea boetlcas 

Uucotna (Stilpootia) salicls (satltj twth) 
t. wlltsbirel 

tobesla (- Polycbrosis) botrana 

Loxostege comtalxtalis (alfalfa w«b»erm) 

L. sticticalis {beet webwomt) 

Lymantria (Porthetria) dispar (gypsy moth) (Lyaantrla: tttssock twths) 

L. iiionaeha (ms-tsotb caterpillar) 

Malacoaoma aaerlcafls (eastern teat caterpillar) 
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M. dlsstrU (forest tent cattrplUar) 

M. fr»gtii» {» fr«gil«> (Great B«8li» t«ot c«t«rptU*t) 

H« jieoatria (tent caterpillar, lackey aoth) 

M. neuatrik vat, teataeea 

M. ploTTiale <w«8terti tent caterpillar) 

Jfeaeratra braaalcae (cabbage »oth> 

Msndtica (laotopsrce) quioqueiuaculata (tomat© bomworm) 

M. {!.) aexta (tobacco homworm) 

Haruca testulalis 

Htelanolojphla imitate 

Ifeaographe forftcalis 

Mods repanda (Mocis: semiloopet) 

Molippa seblna 

Monema £ laves cans 

M^thimna (fseudaletie) unipuncta (ansyworm) 
Nephantis eerloopa. 
Noctua (Triphae«a) prettaba 
Noaephlla^ooctuella (lucerne moth) 
Syaphalia'atstlopa («oar»ing-cloak butterfly) 
Olketlcus moyanoi 
Ommatopteryx texana 
Operopbters brumata (winter «»tb) 
Opsophanes »p« ^ 
0> f agate 

Orgyie (He»erocatapa) antique 

0> leucoatigma (vhlte'^arked tusaock moth} 

0* (K.) peeudotsugate ()D6uglas-flr tussock tnoth) 

0, tbyelltsa 

Ortbosia gothica 

Ostrlttla (Pyrausta) t>«bllalls (European corn borer) 
Faleacrita vernata (spring cankerwora) 
Famasese juXiana 

Paodemls duroetana 
P. pyrtis4na 
Panolls flanBBea 

fapillo creaphontea (orange dog) 
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f* demoletits 
P. phileoot , 

FBtalipsa (A|heni«> gulsrl* 

Faralobesia vlte««B 
Fara^elals tr«t58ltell« 
P«c«ata guttata 

Pectlnophort go88y|>lell« (ptnk bollwona) 
Pericalllft riclnl 

feridroma »aucl« (variegated cotwor«) 
Phalera buce'phsla 
Plilogophora iseticulosa 

Phryganiaia californlca (California oekwont) 

Phchori«a«a <* Gnorlmoachena) opercul«ll« (potato tubecvormt) 

iliyllooocycter (Uthocolletts) blafic«t4«lla 

Fieris brasslcae (large white butterfly) 

P. canldla sordida - 

P. rapae (Itsportad cabb«gewora» small white butterfly) 

Plstbypena s'cabca (green cXovarwoxm) 

Platyoota aj^. 

P. atultsna 

Platyptilla carduidactyla (artichoke ploma aoth) 

Plodia Interpunctella (Xndian-neal noch) 

PluteXla xyloatella as, nacullpenals (diatsondbaek moth) 

Prays cltrl (citrus flower woth) 

P. oleae (olive ooth) 

Pseudoplusla Includeos (soybean looper) 

Pygaara aoasto«osie 

Rachlplusia oa - - ^ 

Shyacionia buoliana (European pine shoot sioth} 

Ssbu lodes caberata 
Sataia cynthla 
Sat«rnla pavonla 

Schiztira co«cinna (red-humped caterpillar) 
SchoeooMus btpuoctlfer 
Selenephera lunlgeta 
Sesaiala Inferena 
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Sitettog* »r«»l«XU <Ai>«o««ai« gt«l« aoth) 

Splioflot* <t«etoc«r«) «c«ll««« <«y«-«pett«d bod«oth) 
Splloftom* I«}»rielp«d* (««, neothtstri) 
S. virglolc* 

Spodopt«r» <Pr*a«nla) erldaulA {southern arwyworw) 
S. exlgua Cbert aroyworm, lucerne caterpillar) 
S, fruglperda 

S. Ittt oralis 

S. Utora . . 

S, maurltla 

S. (P.) ornithogalXi (yellow-striked arnQrworm) 
S, (P.) praefice 
SyXlepte derogata 
S. alUcalis 
Syissierietjs caaieosta 

Thaumetopoea pityocaapa (pine processionary caterpillar) 

T. procesal-onea 

T, wauarla (curranc webwonn) 

T, vilklfisonl 

ThymelicuB lineola {European shipper) 
Thyrldopteryx ephemeraef orois (bagworm) 
Tineola bisselllella (webbing clothea aoth) 
Tortrlx yiriclana (oak tortricld) 
Trlchoplusia ol (cabbage Xooper) 
tidea profuodalis (celery leaf , tier) 
V, rubigalis 

Vaiteaaa eardul (painted-lady) 
V. io 

Xanthopaatis Clmais 

Xestla (Ataathes, Agrotis) c-fiigr«m (spotted cucworw) 
"Xpoaoioettta cogoatella (* Y. evonymt) (Tpoaomeuta » Hypoooaeuta) 
Tt. evoTjyioella 
Y. toebalebella 
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mslioelU (8ta*il emlne aotfe) 
jpadeiX* (»maU ermine »oth) 

Zelr«ph*r« dlnian* 

M*.tiOPKAGA 

BovlcoU bovis (c»ttl« blti«g loo»e) 
B. er««slpes 
li«bat» 

»* OVlB 

Lii>eurti» c«i»oni» <wt«g louse) 
Meaacnachus etramlneu* 
Henopoo g«llk«ae {shaft louse) 

TRICSOPTERA 
aydrop«yche pell«ci4« 
Potanophylax rotund! pe«al« 
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TMU 2 

protetp 





es««roXe 


potatoes 


«lnond» 


field com 


radlsbea 


apples j 


tllberts 


rangeland 


artichokes 


flowers 


raspberries 


«VOC6dOS 


forage crops 


ssf flower 


bananas 


forest trees 


shade trees 


beans 


fruit trees 


shlngiltu 


beets 


garlic 


small grains 


blackberries 


grapes 


soybeans 


{ 

blueberries 


hay 


splnacb 


broccoli 


kale 


sijuasb 


brussels sprouts 


kiwi 


stonefruits 


cabbage 


Vohlrabi 


stored com 


canebercies 


lentils 


stored grains 


carrots 


lettuce 


stored oilseeds 


cauliflower 


melons 


stored peanuts 


celery 


niist 


stored soybeans 


cbsrd 


TBustard greens 


stored tobacco 


cherries 


nectarines 


strawberries 


Chinese cabbage 


onions 


sugarbeets 


chryssnthemuws 


oranges 


sugar maple 


citrus 


oraametJtal trees 


sunflower 


collards 


parsley 


sweet cord' 


COS lettuce 


pasture 


sweet potatoes 


cottos 


peacbes 


tobscco 


cranberries 


peanuts 


totaatoes 


crop seed 


pears 


turf. 


cucumbers^ 


peas 


turnip greens 


currants 


pecans 


walnuts 


dewberries 


peppers 


water flieloos 


eggplant 


pome fruit 




endive 


potsegrenlte 
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TABLE 3 ^ 

V»rl«tlo of B» thurigiit<a«ii 

«i*aw«i 
catiaden»ia ! 

4«mst«dleasia 

dendroUmia 

entomoeidtts 

flnltious 

fovleri 

gaXleriae 

Indiana 

israeiensls 

kenyae 

Vur»taki 

kyushuensis 

m«rrisot>i 

oatrinlae 

Pakistani 

sotto 

thontpsosi j 

tolwortHl 
toumsaoffi 

vuhaneosia • 
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TABLl 4 - 

Index of pUswlds aad 8tratt>8 



Censtrocted 

or Osed In See 

Strain or Plaandd Exawple Figatre Made Fro» (& Cooaenta) 



A. tutaefaciene 


6 


(ublqultoue) 


A, rhizogettes 


5 


(also see backgroand) 


B. thuringlensls var. 






kurstaki HDi-73 


1.1 . 


I 


ColEl 


2.5 




E. coli Cti33 


2.3 




E. coU SBlOl 


i.l 




E. coli JH103 


2.1 




E. coli K802 


2.2 




HBT3 


3.3 


taZapB^ pi23/58-10 


HSX3(»co) 


3.4 


HBT3 


MBT14 


3.3 


tfiSatpS, P123/58-10 


aWB2344 


2.1 




m3-Bt-A 


2.1 


TnWB2344, |>123y58-iO 


Mi3-Bt-A(ias> 


2.1 


Hl3-Bt-A 


Iil3-Bt-S ' 


2.1 


niWB2344, pi 23/58-10 


«13Hip7 


3.1 






3,3 




Mi3-PpBt 


4.4 


MST3(Sco), «l3-3.8Ab 


M13-1 


3.1 


Mi3mp7, pSS5 


M13-3 


3.1 


M13mp7» puss 


Ml3-3A/B18a 


3.2 


MI 3-3 


m3~3.8A 


4.1 


«3mp7. 177,4 


«13-3.SAa 


4.2 


M13-3.8AC 


Mi3~3.8Ab? 


4.3 


M13-3.8Aa 




4.2 


)sa3-3.SA 


Ml 3-3 .as 


4.1 


Ml3mp7. 177.4 
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p8&322 


1,1 






?cm ^ 


3.1 




pBIt322, pTiCSS 




3.1 




pcru 




2.2 


3 


pKStU 


pKS-prc>I(Bjta) 


2,2 


2.2 


pKS-'proI 


pKS-4 


2.5 


2 


pBR322» p1UEl02 


pXSiU 


2.2 


2, 3 


pRK290, pTii5955 




4.5 




pKS4(pRZl02>, pKSUl 




3.5 




pCF44, pKSni-lC 




3.5 




HBY3(Kco)> H13-3A/B18*, pKSlU-K 


prsiii-ppBt 


4.5 




H13-PpSt. pXSlll-K 


pKSS 


3.1 




p«r322, pCF44A 


pPhUl 


9 






}»KK29D 


2.2. 9 








9 








2.5 




ColEl. TnS 


pTlA66 


2.4 






pTlI59SS 


2.4 


2 




p8.8 


4.1 




pBR322» 177.4 


pil-83« 


2.3 


3 


pKS~|?roI(E«a), pKS-4 




2.3 


3 


pll-83a, Ml3~Bt-A(Ba«) 


pi 23/58-3 ^ 


la 


I 


ft. thuringlensls vitr. Vurstakl 
8f>-73, pBR322 


pi 23/58-10 




I 


,B.,th«rl»|?lensls v«t. Iturstski 
80-73, pBR322 


p403 


2.2 


2 


p8R322, pTl 15955 


-i.6- 


2,2 


2 


{• trasscrlpt 24, see 

also £tet«ll€d fescrlptloo) 


177,4 I 


4.1 




Charon 24A, P. vulgaris ev. 



pBt73-16 

p8R325 
p8R325a8S 
p403B 
HiSfflplS 

i.e.4 

1.6.4B-3.8,3 
p403B/STB#3 i 
pRK-203.K«n-103-Lec 



11.2 
12.1 
12.1 
12.1 
12.2 
12.2 
12.2 
12.3 
12.4 
12.4 



Teod« rgreen 
P8t73-10(|a»), pBt73-lSl 



pBR325aB8. pTR«p'r'6l {&are) 

m3rapi9» pBt73-16 
1.6.4 

l.6.4B-3.8,3» p4038 
p8K-203-KaR-103-Uc 
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Ii6posite<! Strains 

NRRL B-ft48S Bacillus thuringiensls var . IcursUkj aiF73 

KREO. B-15394 Eschfertcbla coli C600 (pKS-A) ■ 

tfRBL B-U3h EscherlcHta coli HBlOl 

IIRSL B-i20i4 Escherichia colt RUl {pB8322) 

AXCC 37017 pBR322 

ATCC 15955- Agrobacteriwa tumefactens (pTi 15955) 

NRiO, B-iS393 gscherichta coll H8 101 fpS.SV 

SSXL B-lS6i2 Esctierlchia coli HBlOl (pi23/56"10^ 

NRrJLB~157S9 .- E.coll HSICH. (pBt73-16) 

fJRRL &-i5821 E.coli C600 (pIK-2C»-Kan-10a-Ijec) 
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We cisia: 

1 , A plftftt comprising « genetically taoiiiUi jpUnt celt coutatotog tm 
Insecclclde etructural getie under coDtrol of * pUitt expressible 

promoter* 

2» A. plent eccordlng to cleio i wherein the cell contains T-£KA, and the 
insecticide »tract«ral gene is Inserted therein » 

3. A plant according to elaltii 2 wherein the insecticide gene is inserted 
at an actively transcribed site within either the taO, gene, the ocs 
gene* or the "1.6" region of the T-IKA. 

4* A plant according to clai» 2 wherein the T-jDSA is aodlfled to inacti- 
vate twit tmj or ttar * 

5. A plant according to clala 2 wherein the T-JKA additionally comprises 
a fttnctioaal oc s gene. 

6* A plant according to claim I wherein the Insecticide structural gene 
l8 Obtained from jB. thurlngiensls. 

7. A plant tissue comprising a genetically Toodlfled plant ceil contain- 
ing an insecticide strwctural gene under control of a plant exprese- 
Ible pronotec. 

8. A tissue according to claim 7 wherein the cell contains T-OtA, and 
the Insecticide gene is Inserted within the T-im. 

9. A tissue according to claim S wherein the insecticide gene i$ Inser- 
ted at an actively transcribed site within either the tal_ gene, the 
ocs, gene, or the "l.e* region of the T-JKA* 

10. A tissue jaccordlng to claia 8 wherein the T- JENA is modified. 

11. A tissue according to claim 10 wherein the modifi cation inactivates 
tttl, tmr, or t«s« 

12. A tissue according to claim 8 wherein the T-IKA additionally cour- 
prisea a functional ocs^ gene. 

13. A tissue according to clalo S wherein the plant Is a gymoosperia. 

14. A tissue ^according to claim 8 wherein the plant Is an angl&gparia. 

15. A tissue ; according to claim U wherein the plaot is a uiooocot . 

16. A tissue according to claim 14 wherein the plant is a dicot. 

17 » A tissue according to claim 16 wherein the plant is a meaber of the 
family Solanaceae* 
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iS, k tissue accordlftg to claim 16 whereio the pisnt t« a tneaber of th« 
family Leguminoseae . 

19 . A tissue according to cUlffl 16 whereto the plant l« & taeaber of the 
faisJly Compositeae. 

20. k tissue accoctling to claim 16 wherein fetie ?l*nt is a jwaber of the 
family Halvaee&e* 

21. k tissue according to claim 14 wherein the pleat i« « vegetable. 

22. A tia&ue according to claim 7 wherein the etructural gene is oeder 
control of a I-OiA promoter. 

23. A tisBoe according to claim 22 wherein the structural gene Is ua4er 
control of a pronoter selected from the grottp of T~JM. genes consis" 
ting of tmr, tial« t« s_ ,.: i»o8^» ees, and the "1 ,6" transcript. 

24. k tissue according to claim 7 wherein the insecticide structural gene 
is tioder control of a plant proiaoter. 

25. A tissue according to claim 24 wherein the structural gene is under 
control of a promoter of a plant gene selected from a group of plant 
genes consisting of phaseolln and the small subuolt of rlbulo8e~l,5- 
blsphosphate carboxjrlase • 

26. k tissue as described in claim 7 wherein the insecticide structural 
gene is under contjtol of a CaM? promoter selected from the group of 
promoters which control the 35S and 19S transcrlpta. 

27. A tissue according to claim 7 wherein the insecticide structural gene 
is laodifled. ' 

28* A tissue according to elaln 27 wherein the insecticide structural 
: gene is modified to code for added amino acids at either end of the 
insectieidal. 

29. A tissue according to daits 27 wherein the modification comprises an 
insertion, a deletion, or a substitution of one or aore nucleotides 
in the structural gene nucleotide sequence. 

30. k tissue according to claim 7 wherein the insecticide structural gene 
is obtained froai B_. thurtng lensis . 

31. A tissue according to claim 30 wherein the structural gene is hybri- 
dieable to that of pl23/58-i0. 

32. k mk vector coiiM?ristng an insecticide structural gene and a plant 
expressible proaoter, the gene and the promoter being in such posi- 
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tien ftfld orientation with respect to each other that the gene U 
exprMstble u«dec control of the proawter in « pX««t cell. 

33. A vector According to cUin 32 herein the losecttclie gene ie loeer- 
tad lo t-iKA. 

34. A clela according to cl«i« 33 tAetelo the T~JKA U modified, 

35. A vector according to claim 33 wherein the gene is loserted at »« 
actively transcribed site wlthla either the tal geae, oee„ gene« or 
the "1.6" regiofl of the T-Qtt.» 

36. A vector according to claim 33 wherelo the T-flSA addltiooelly coa- 
prisea a functional oca gene* 

37. A vector accordlog to cl»t« 32 wherelo the pro«ot«r te a T-f«A proao- 
ter> 

38. A vector according to claim 32 wherein the promoter ts a plaot promo- 
ter. 

39. A vector «s descrihed lo cXala 38 wherela the plaot proaoter la 
selected fronr the group of plant geoea coneistleg of phaseolln and 
the small subuait of rlhulo8e-l,5-ht8phosphate carbojeylase . 

AO. A vector as deecrlhed in claim 32 whereio the promoter Is a CatW 
promoter selected froa the group of promoters which control the 35S 
and 19S transcripts. 

41. A vector f according to claim 32 wherein the Insecticide structural 
gene is modified, the modification comprising «n Iflsettioc^ a dele- 
tion, or a substlt«tlon of one or more oucleoctdes in the structural 
gene nucleotide sequence. 

42. A vector according to clalts 32 wherein the insecticide structural 
gene is from B_, thurlTigiensls, 

43. A vector according to claim 42 wherein the strttctural gene is hybri- 
dlsahle to that of pi23/58-iO. 

44. A vector according to claim 32 wherein the promoter Is modified, the 
modification comprising an insertion, a deletion, or a substitution 
of ooe or more nucleotides in the promoter sequence, 

45. A bacterial strain comprising an insecticide structural gene and a 
plant eKpressible proaoter, the gene and the promoter tseing in such 
position and orientation with respect to each other that Che gene Is 
expressible ander control of the promoter In a plant cell* 
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46, A straio aeeotding to cUlts 45 wherelo the expresslMe gene Is within 

47. - A strain «ccor41»g to clala 46 wher«ltj the T-Ott, is vltMo « cell 

selected froa the ge«us Af;tobacterti>»» 
48* A St rein accorMng to clein 45 wherein the Inseetleide sttuetural 
genesis from B. thttttnglenete * 

49. A straio according to clalai 48 /wherein the ettoctttral gene t» hybrl- 
dl«able to thet of pi 23/58-10. 

50. A iJlaaadd selected from the group pi23/58-10 and pl23/58-3. 

51. A becterlal ettain comprising a plasmid selected from the group 
pi 23/58-10 end pi 23/58-3. 

52. A strain according to claim 51 wheceln the hacteria is t, coli HBlOl . 

53. A method of genetically aodifylng a plant cell hy tranef oraiing the 
cell' to contain an tosectldde structural gene md a plant express- 
ible promoter whereby the f eae is expreselhle in the plant cell oader 
control of the promoter. 

54. A aethod according to claist 53 vheteift the insecticide gene is onder 
control of a plant promoter. 

55. A laethod according to clai« 54 vherelo the Insecticide gene la onder 
control of ft promoter selected from the group of plant genes consis- 
ting- of phaseolln and the swell sabanit of rlhalose-l,5~bisphosphate 

' eart»o:i7la8e. 

5$. A method according to claim 53 wherein the insecticide structural 
gene is ander control of a T-INA promoter. 

57, A method according to claltn 56 wherein the structural is under con- 
trol of a promoter selected from a group of T~ENA genes consisting of 
,£SL» fc?3 .> .HSS,' JSSS* transcript » 

58, A method according to claita 53 wherein the insecticide gene ie uocter 
control of a promoter selected from the growp CeMV' promoters which 
control the 35S and 196 transcripts. 

59, A method according to claim 53 wherelitt the Insecticide gene is modi- 
fied, the modifleatloo comprising an insertion^ a delation, or a 
substitution of one or more nacleotldes in the structural gene nucle- 
otide sequence,* 

60, A method according to claim 53 wherein the gene is inserted into 
T-£SA. 
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U* A wethod Recording to claim 60 wherein the X-QtA i« sjodified, the 
aodiflctttios eooprising «» iaaertien, a deletion, or a substitution 
of om ot movtt tiucleotides ia the T-fSA nucleotide 6e<io«oce» 

62. A method accordlog to cl*t« 60 wherein the trassferaed cell is frota « 

gymnoBpera* 

63. A method according to claia 60 wherein the transfonsed cell la from a 
anglospetw. 

64. A toetbod according to claim 63 wherein the attgiospemt is a aonocot* 

65. A method according to claia 63 wherein the anglospera l« a dlcot. 

66. A aethod according to claia 65 wherein the dlcot is a tseaher of the 
fatally Solaoaceae. 

67. A nethod according to elala 65 wherein the dlcot ta a laember of the 
faally Cioopoatteae. 

68. A method according to clain> 65 wherein the dicot Is a raemher of the 
family legutRlnoseae . 

69. A method according to claim 65 whereio the dlcot is a member of the 
family Malvaceae. 

70. A method according to claim 63 wherein the dicot Is a vegetshle . 

71. A method according to claits 60 wherein the insecticide geoe Is inser- 
ted at ao actively transcribed site within either the trel gene, the 
PCS gene, or the "1.6" region of the X-flSA. 

72. A aethod according to claia 60 wherein the plant cell Is transformed 
by transfer of 3m from a bacterium to the plant cell. 

73. A a«thod according .to claim 53 wherein the plant cell is transformed 
by direct uptake of IKA or by aicrolnjectlon of IRA Into the plant 
cell. 

74. A method according to claim 53 comprising additionally the step of 
regenerating «ald transforaed cell to yield transformed regenerated 

plant tissue capable of expressing the Insecticide structural gene. 

75. A aethod according to clsiis 53 wherein the insecticide stroctural 
gene is obtained f rom B^. thoringl ensls . 

76. A method according to claics 75 wherein the insecticide structural 
gene is faybrldteable to that found in pi 23/58-10, 
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Partial Sequence of the Crystal Protein Gene 
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TABLE 5 



mSL 8-4688 ^ 
HRRL B~I5394 
K8RL 8~U371 j 
NRRL B-12014 
ATCC 37017 
ATCC 15955 
NRRL B-1S393 
mSCL 8-15612 , 

ma. B-15759 
N8RL»-iS82X 



E«chettcM» eoll C600 <|>KS-4) 
EgcberlchU coll HBlOl 
SschertcM* eolt RRt (p»R322) 
}>BR322 




Eacherlchta coli RBlOl (p8,8) 
Eschertchla coll HBIOl (pl23/58-10) 



|S*coXl C600 (pia(-20a-Kan-103-Uc) 
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